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pb1no. u..1I1~ or gl'<IYal pl.t., v1th1n tM Pacll:~ ..,....
&b cl~ jpICd 1nd1I:atl'"1 or tho d1lter<ll>Clo 1n dlllrAOkl'Utle l>.-
t_ the nort.ll IIZlIl 8<IIll;b seat1cbll 1\1I 1ndiCi1.ed .... the 1IQ&1rl~_...
(a) Iurif.t.-sa.
!be Ihlbt -n..e ill "" ott~ ot t.I'Mtp~~
(_ P1&1IN 4). It. ill l.oc:at.ed. J1mt. ....t'tb ot~~ 111 •
....t. to~~!.aII. ...,.. l¥Il"IJ:lI ill ....,..,Wd 1Dto
... pgW to' U. to... .. al.-s~ e:-ll: MIl • 11'-.I -.iDe
.... ., ..'_._ ~to~bv<' •...·.b8lu'b'
_.. ':'~;:~*::7.:.: ''':':':':':'~.:'tb _,.
• • _MoO'••••u •••• _ I Sa Uda _
....1....' .... _ .. P-.l-.\or t.ml.. ot tile .........'nez_....
... p ••, ""'* UtU" _ 1,o0.oi 111 ".... tbm .. t.he~
1 'wa elope or tbI~~ -. U'e~-...
• 7 I U. ridGIo --.1.l>e thIA .. tho P'<lmlIl.
'. (Ull pl..a1Q) __ ... t_ &"-.-.1 pi'" tCIID1 .. tbI
un' d bI.lt at tbI~ erII! an> • aoo4 1!llt1-.t.1ta at t.he Fm:D-
1ar ....\lI;N or t.be KIZ'alne.
m. aoU at tb1Il _n1D1C: belt. 1a~ 1a-1~ aoU w1t.h
-U anu of llitlWon".a1:I.. 1I011 aoIJcWWrc _ ' ..' AI:d acr:.t.«'el
...a.et. of ~1.lM Lob. Dl. t.he c1ep sf 8l 7 14I...u
.................. .n. ..... ~._gt =_ '"
t $ r3lll:r. 11. n- to ltD tellt .......~ \be _t 1
..... All ,......... rr- u. etn.I-....... ...u.;, .a.t;
.. ' ,_... _ortlledl ll '
a"I'-N2 E
• $ U • ...,.~ n-t.Ild.mw! dltJ- aoU. s.u
• .. nil __ • "IT • 011 ~ a1t't-.. !be ~
..... tu. 2 to 3 1'... rn. u.. -r_~ ).):1: sr-nl.
n•• .-4 -.I 59.:1$ n-.. !!M u. ""'" PI or tMIl ~""' ...u
SA 21.8;1 cd 9~ ~n1.J'. It. .. & (3 n.hIe or 6.4 ""'" 1.1
d ....t14d .. CL _ .... (5) -u. '!be p:.nIt1. Mterl.;Ll u:- J
t_ M10Ir u.. sro-t~....... _u..ll,y u. _ IOU
_teUl .. th, __u~ It~ •~ tnU'llUe or
anN (1.2$) ""'" •~ 111 t1DM (ss.u>. '!tie p1ut1a1t)- ~
tile~ -ter'1al h • lltUe lee« u-. tlw ~b.on. It hu •
LL of 19.5$ aQd PI or 1."'" :lloI~ "-p>c1V Wr"fUelI to 16.8.,
,. oJ.ulilie.t1Dn of .w.t 18 cocceme4 tlle 8 aDd C bori.lIOl18 till
111 tile _. ""3'017 ~ CL and A-4 (5).
on-~ J.I • 1l1Bl' plttecl pl.a1n looatlld about _ II1l.ea -outh of
\he &t'oroIsa1d -.1ne nII"Ill1n& 1n • _theut..-J,y d1reation. t.owal'd
~. 'ftl1.- plain .... cc=id...fd QlI the eonUn\\aUon ot u..., Bre-
_~. to"~t .. _ in P1&Ur'e 4 (9). ~ t'NI
.....~w pa\t.mIl InS t.hB ten...... or tile <!epodh it~
_ llbl;r to Iwo • p1t~~ pl&1JIj U-etlll'e• .1t. is ""Mid eel.
.... t "" -..n..l 1:1 tJlb~.
!lID ..... aJloIIt. Ulree~~ 1.<1 m.rt. d. or <>eN' 'Wood
"~"7_.. a...u ill t.hU ....w. _ 1II IIllkot1.:r .,....
_ eel! 0 " .. 8l>U ..-1at.s ~u.ll1.IIl1 UId~ -..lli.
(4) ",hPb .. ,.
~-' prar:dnd~ "",.let 18 to<::ll1 011 u". tlllttJW
..n1l:l1~ ban l.ool.at.ed about _ .ucS~ or ltUtard mil
~ or Vllbooe Lab an:!. o-r\:. LoMe. nw IIOI'&1Jdc~ La
~~ ,;) rut ..... tJ>.. _ pJ..a$A CIa tho DOrtlI a>l4
-. tJliIoa III toet II1&hC' u.... the wtw.oh plaiA t.a the -u... '''1tho-
11\ UIe ..rain1a ~t, tt.. ~pogra;:tl,;r i' h1llT 1oI1t.h • IIlftbn of oWll1.oII
bP!M. The h14I!Ie8t aJ.t.1t\lda at the count,. 1.1 at.to.1nec1 1:1 t.h1lI
_a1a1o bllt no:rtb at o.vt Lake, Low reliof chan.,. of~
UlIa JJO loet oan be la1ll1d 121 th1a l\J'e~.
1 pitted. a1rpbot.o pa.t~ UId a ...-J<l;r <Il'YOloped 'lIl'fae, 4ra~
prtt_ 1JIdioIItp the prtio"Qa M4 O'amaar MtUl"ll of u.. dllJlOdt.
, ot O"Lnl pit.- lout4d 1dUd.u. U:d.1 ....... tIIrther DODt:tr-
... III ' ..~ !he so1l 1.1 pr1nc~ o.uetoma1ne
IIIIIl. ..~ 80U JlI'>fU,o rill be ..."" .... to~.... 15
I I 1a:tc".
.. tu.. JWt. <Of ,~~ lout.'Ill IlICIIZ'Ul oJ 1I'~ Lab
..... i ,,_ 1II~ .F---'" e... 111 u.
..._.s ...... -...:l;y 1lI UI<t_ u... u. r-...
-. .. ...u~ 1.1~ to '- .'.'1... to tho..... romod
..... dM ... :IS .." ltD. 21•
.l '"'" of F" I~ topo#l'JIbT li. "'"... u. W-
-. .",,"•• _ ~ _'W. kl<lUlel' .,.,Uer t.ro-ct 1.11 loeUed
.. _".,.~ of 1:110' Lab. IlDUl __ '-Ttl """"'''in,
tei G :. wtUl~~~. Loo:.al...u.t 1.1~
a. u-. )0 r. v1\h ........_ ~ loS r... at _ pcdat. A well
~ ....t_~ 1.Il fc=d .-p.r''')", otI U1e .....u....
aJ.ope -u. of Lab 1I'.a T n 'ftle soU :I.a Ud...... 1= c:b1en;:r
111a1 -.dl odtb Bit~ ooo:l.l 1tI U-.. deJl'"OSl'1arI. A. u .. 1_..aU...
.all~ .. <Jbt.a1ned at ute Ik>. 19. llbovt t.wa and .. hall ..u...
toUt or flnut. LakL 8oI1O'lf the aUty s"..fac8 soU >oh1ch vas about
12 iIlchoM in \."l1llbl..... the il-Mrlson tltb!n h'OIl 1 to ) het. condskd
Of 4.1li: or era'l'el. 4S.9~ IIMd and 49"u of tiMe. n lul.s • U. or
aI.1iI and .. PI of 6.~ 'l!>e CIlll va:...... at tbb IOU a 12.0. !he
-.on u ch""lod. .. lM-SC 0.. 44 en 11011. ..". e-Mr:hon~t.-, to , tNt bel_ t"- .....rac. '"- IlOJ'I &N~ (11.':; caYel)
_ 1noI -.:tr ()J..~ amd) th:m the nbMD:'tae; ...U. '!he_t
ot n- -ad t.!te pJ.uUc1t7 F"'~;r ... well .. the~ IJtreqth
., Vae ...U .n ..-..t1lLll,r t.h. __ .. t.~ of t.M~.
• • of u. IIllFI- h ..lor 1".".. t.. ....u 1.Il "hMlned"
...... Ild1 .,. u.. lDCSo lid- bT the. 1ft .,.... it~ t.be _
604() -u.-V lID..- .... ot ll:W'ord~ i.I .. 1Az'p A", ••',. \dd..dI
7"•• ,. Ild1 J,. e:.:r p!"_ sa~.. wWdII W.
I' 'ill~ ..... e1.It'• .l _Oil.-_
.... ,.. _t Ii '"' \en 4\01 .... 1m hi h \Ile flo1."
, 7. a Ilt.W I.'1S. -.d 9.9ll tnd. fiJI....l$.o It
.... U. fI6 ,... .. PI of 1J.7S. I1d..ll~ -o1l b cJalIaU1ed
_ CI. .. w {U ..,U. It b -.It 1.<> booo&rln.c -PI01l.7 nUt. a C!lIl
__ fI6 caIJ.T ).l.
IIGI'Ul of LaI:a ~i... u. ...... bu ... W>dlalU:l.l \O~.
'lila aoUb _.'*'a117 a aUt71a..i.i aoU a'od]ar to t ..t IIUe
Ib. 1'. It:I I"ql,. pit b l_ood 1Id.U11!l ttl1a a1lt7 -.z-I.1=- aN&.
(1.)~ Oroazzd.I~
1M~ azt~.... ~-<:lq po<Uld. 8>n.1Il. or till p1&1zlu
t-t..l :lD the~ $CD" .,litJI of tha UBI" .. Rinr aD:!
rro..uro..n of tha I'acl<ertcD. IIIOrdneo 'lb1II II"""'ld: ...n.1n" rbes
11"""'''7 1'I'<:a th 'r1ppecaztOo B1Ta>' toward t.he PadtLLrt.an _ain...
It. uh1b1t.a III IIndUlot.1ng 1.oPCU&JlIl7. au knella or rid&" of
aand or Nrld,r-g::.yol !Ilat.eriaJ. ...,. boo rolnd. Peat or lIluck btU...
.... root. ... 0_ in t.ha /l2"CUlId ..raino ...... u thtJ" are in the
PIlCbrtoo> r1dp a:>rUno. Sozrtaco~a in tha rON of ~e5
h ..t. ...u ~per1. t.Mre!or.. a _~ahle~ or 41tchea
.... ...., to r..,W\oIte tl'... nmc!! in th1lI _. "..~
~t7. "'lch 111 a pmaral :1Dd1ca1.or of tbo: JlOI"1D_. ar~
..cl nn of tire ...n. 111 bettar q.,eJ.opad b~ 1.0 U:&
,t ~ofu.a~......-.
-.u I-. UI1II st-IIlII.~ &roliI: 111 p-1JoI:1~ Ja.-i, 1__
i~.:;F;:.~':F:.:"~u..""" 1"", ""-"l a ,u::c alt..... . _ un....,> \be. rae. to1lII __$'" tile ,...-. .-.w i.e e1od1ar -' all d'-
a..a. :'- • Id.t.e ... 6 'Or,,"'" _ Ul~ WC'-.. bonier of u..
.",'.: ...*-.u. _ of .s.n..topol __ the Bob:rlsoa A
1 .... r.- 1ioe1_ '-~. auty \op ...u \0~ _dcI...-lll.. t;l'Cftl
(1toJl) ....... U7.~. !be...u~ /oJ.)J ot t1A.. road
.... II. ., ZT.)J -.:I • PI of lDo4$o !lIe...n in \.bit~ b
e1."n..d .. IS: 01' """ (2) lIOil.. !be~ tu. bobl .3
... 4 tm~ Ule A7f_~ a~~. or &r"'ntl
{14.Ar$] _ ~ or. _ (.r.6.lS). '1M aoll pt>1bl~ a u.. of
22e8S m:I a n of ,.n. It; b __.w.r..I .. SC 01' .... (]) IOU.
!be b.-rlA& ClpKitT of u.. _U (CSll -lD.9) b IIl4ber~
tIIA or Ule pu'lIIIt. _terlal (ClIl _ '.4) or wa .ite.
AnotJIeIo alt., (Iio. S) 18 loen.cl .lI..a:' s....1I' n- at Ule sctlthe
-.t_ oonlel' or the 0Cl'Wrl.7. !lle uU 1& _ ~ than 1011&10
or Gte Jt:>. 6. '!'be Bo-hcri&an take!> 1>tIt_" 1 \0 2 t..." trr:a. the
.....tac ........ 6.~ lit uanl, 27.]% IIl\4 IUd 66.7J ot tin" {tL of
)Io.6:'lIZld PI or 17.1$}. It is clb!IsUied lUI CI. Or .1.-6 (9) ",,11.
ft,~_s~ at 4 teet belO>' tile 8UJ'f'ae, 1. ClI<lpOled of
9~ p"'TW1, ».0;;; ao.nd Uld "l'.!t: f1l>c1. !be IOU t.IQn in t.h1II
bee: " woIl1,.. JIl-l.1c (LL ;0 22.1%. PI • 9.n> u.... the Sa
~ 1\ b clu.uied .. CL or &:.4 (5) "'U. IIot.II Ule I _
__ C 1Iort_ '"'- '*out thtt __ b.....l.1IlI~ in u..~
.... Ca., ... 8.0 r.-pect1nlT).
M -u..s~~ of ..,." _ ~ u-. foolod
Site ... 2~~ _ .... bltU.U"",
•• , 1 111 __ for ll1lPtNtlm. !!II -.rl_ aoll to
...........~ t.u.. A , f~ bo:~ U.
'. ,... or ...... ,.." ., n-
... a 110 fJI-.. .. PI ., T.'" It; 1a " .... 'Sed .. Ill: ..
"'(1) _
__ r_ of a tCll'J>d It \eR ute 1kI. 1 lI1t~ '"" ~
....~. 7 ] _..u...,..u-atoty= .~
9,h'~ be1w u.. __ .... 7•.,.,. ot IN"d. ¥I.S Gf...,..
mil~ 01. ts-. ll1UI. LL of 21.2$ ..,." PI or SOl'll til• ...u._aJ..~ .. CL or .... () ...11.
(2) ... 51'" Clf'wnll~.
".. Mrlll:r..ut &n>a:d _ra:i<leB _"",.ttd h ~ ..,~
~ ot t.be Cl<I'lIJtJ'. !be l&.-,..t -.it~ tloo to 1Ij,lI;..u...
.~ of K1ltClJ'd.. othoon; _ nttm.ed ...n.h of A~ .m
DOriJl of r.- er- in u.. _to cantl'llJ.~ llf tile -..tiT•
• ~Ut~ .....un.. Iavw \lr.dlIl.at.1D& to nat to~
&J"I1lb:r. r- the dN1l:l.q. up 1.ll tb1II ...port (~ 3) it. 1& ob..
T1.- Ulf.t 1'1lr'hc. clro.1M,p .,..ntDfl .." PlQl'l,y dO'l'w.ped. 111 th_
_ • 11Ie a1:photo ab\nrll /l. ItOtt.led px.to t.anl, t.yp1caJ. or &t"Ovn:!
-.111" ot ~l1t h;¢lIl'U.
!he -oil or 1.1.........,. .....t.nl.T CI'OIlu. llI'oc>kstaa Md~
1I01lJI. :loll~ 110. 13 Ob'"..a1ned OIl t.lw s;n>\IJld IIOr'a1noe _t of
altoI'd .un. /:lIIlll' lam 1..,..., 1n Ulto~ prorUe•
• e....mn.- t.rJI:m 2 to J '<lilt; bN.ooI tile 1JIld."", 111 c:W.te
... ill~. It lIC:Ita1J>ll ,.8'; U"l""ll. :id.6J ...s and 31.6$
a-. !IU s:: or (l.) 1IClll bu • U. cot 22.2S ud PI of 1O.n.
..~::': 4 to S twr. tz- tile -'~ -.:... • II1J:tm-.
t I (4.¥) (.t06.2'$) cod ru.. (49oU) wtUl • 1.1. of l..6..l$
",,. -U 1a "'.n1t1oo1 ... :!II ... "'"" (J) ...u.
$ ....... IIU..... u.. Il1o eo.. it I d. ctbt.rllIaI:.1a
W ...... ,.......'.'...--
a.tIl eI tile~ ....~ located .... the~
__ f4 _u.llD e-.t.T Uoen u... • clqv P""'IIld~.
'DIU 110 • -,.~ t.ll.l pl..a1l:l ><lUI ~-t:r • ...u~ I!DQU
.Ill toM _ on...uz..~~ 111 -.l.d f4 .... F"'*'s'-•
..~~ or U. ..11 111 r'4fi0lCte4 han the IIIIl"hce~
ace Jl"'t.km ..~ 1» l1,JI1n 3. -::h. clu!r1Uo }at.t.snl on the
-'Il. a.se ot u.t rJ.ddl.. rOI'l< Telloot 111.,.. 111 llW1k1nl1:r IW'terd
r- u.e _ \0 u.e ~.
CI'oIlIT ...t Bl:<d:»t= an tat uJ= IJ01l. fW1.- 1A t.b1$ ...-.
SoU --.pl ..~ at II1te !IO. 11 4 dto. JIID. 12 1n41olIt the
0Ilf0ft:1t7 of \h8 ..,U 10 th1lI fbe &ohQ... .- t.ak1lD r ....
dt.e 110. II at. • ~h or 2 to 3 tHt.~ 5.~ at &n~. 3s.n
of IMIId and 59.1$ ot lin.... It bu • LL at 2~.s:t and PI or 11.n
... 111 alUa1.fiAcl u CL 01' "'-6 (6) 11011. the Co-h\Ir1_ t.aks>. at.
... _ ute at ) to 4 r..t bIl1.oIf til,~ MIrl.... nT.:l.a an
! u .. of t1nM {65.~ md pl.aat=.,,11.)o (tL. 29.6$. PI .. 1501$)
.... &J.1Pt. cl_ of vaTe1. O.'J.') Cld ...... (,o.t$). !be JIU'-
... Mil 111~ ., CL 0.. ,-6 Ca) IIOll.
..~ t.aIle 4 reA han t.be &NIh! -r.... at lilt.
.. U 1111'.... I'__ .u. .-t. d ti1.4 Ilo. 11 -.!leMa~ U.
....c. _1IIIJ. .. U.~ IOU '-"'- -:l:T tIw _
_ __ (6., aad 1.0 ;"""pcc~';"a4}.
..... ,..-.7.-7-..... 0- ....~_~ (Cill. ,.,.
_ .....,. ........ u). .,......t 8Cl1l tau. 1a t.he t:L ..
w(D)..u··S ••
.. r. end~ edst >dWD J:Dsc1nU:o~. ftot ......
_ ...... ..u 111 abe c:d. f»J" be 1q CCDt.&0\ ~t.I ... __
"'" 1 110 r... 1:lIoq .... qcd.te dwlhr to t.lle II-.d ... t...-t1clD aa
.. 14"-1 ....t-h p1.a1Il~ 01 &'004. ODe _ t.lle .-t",... ill 10-
...... ,aft weR of~ z..J:e" 'ftIo I<-. an 1l:UC1I..,. .nl:7 "el1=
...~ u.. &1rJ:1botos. All~ ... u.. ,:-t~ or /Itoo<:locL
J' .. bM:l~ .... cr-ol p1t. ADother b "-t.!. .... the ...
..-s~ lIl:oooIt. t.ooD .n...~ or kUrOZ'd.
fte~~ of tloots• .s.poa1t.5 U oon!'inood ~ tho pnileCa
96 1ft....:!. p:l.t.a. !b& DOll ~ped. "" tt.- tonu.t1oM ~ pnU"t1l;r"
96 til, s.netoo\~ ..nea.
JAn. pilOSITEIl '!mlUALS
Clw1.a.I to the $IO-'W>U'J cmm:t or ..ol~.ner nowin& owrou K:>ec1Wlko
o--v 4ur1na~ lot.. sl&o1.&1. st:l.£tl. ~t QJ<lIlnt, of ...t.erial. lIU'e d....
,...s.t.ed 01' ncIa"...nk<l &l.on<l tlho major c!wlntie and upon t.lle &1.lld.J.~
*1)11a1Jla. !tw nrlD... wa.t.or d...,e1t.1 lPtCll'"1al.f an~ as
..... _ ~ or '-be oa=t.T ill c"" ... 01 out-..b p1.da ~u.
rt~ ,' .... !.II l.oc&'te41a U.~ cct.Nl~ ~
~~~:...:; •• 4 .s.u......,.c:c~ 111~I 7 'In •• IWD
.....$1",. • pla1Il bu • tb"e'" Jd.".C 'PI''' 'I
......1· • • p1.dA, 1M.,...~_
_ ~. .. .......... »W»,....Ha'
_ _I rn. ~T1Il1;J p1dzlI. "-l.. ot 10 to :II:) ftet
S. __ 1:1 thb pla1.n. 1.1; lu -..:tenl .." l.!l tbe 1>md
til \lie tin • 1t1".. .-t.h of ¥ara&v • a.n.- of Ibazp kDDlla~
,0 eo ~ f-.t 1& ba1alIl. '" fDlllldo !hi pl.aj.Q WI -.,~ I ..~
_ ' .. tIT Lai.lOtt (9). 'rile ~.u,a.toJ*t;WtM aad t.t.
topo~~ t.h1a ..... 11 .......~ \D bot CCIrI.I1<1...-c
.. pitted~~ P:l.tWol W'Utl"lUaD __ IN L ....
.... cwawt.~ '" abo cl-.r-l;t.bola,. !bot kIlO...." U
..,u. .. tile -... ~1= bat.~ to be IlDT'I~ -.d
\he~~Utuale 1D. tbe ean. A f.., INIiId~ are i;J >pi.....
bal~. Lu-p E:cla bt.u.. .,.. f<lWill. ... tbo 1I.-te= pa:-
t.1<:I1 of tJi. p1.a1D. Ita:".:t. for a f"" .!x>rl. auUi_ l!~ IIl"OIUlI!.
tlia bu!n•• tJie _tlre 4reI 1a 't'Iilil of Iilrlace~ ( .... F14U" 3).
!'he P'li\lIlu n"tlLi"<l of tl\1a 4epoll1t 1. farther~ b7 the
n~ of tN"ol pi" loo.tel! on th1iI plain. '11>e liOU in tM.
p1tUd. OIltwuli pl.II.1.D. belcags to the IleUetOlltIWI. ae:ria&.
'I'he M:I;l1..~ at dte It>. lS locatad Ill>oIlt ...... -U.. lI1Il!t
~ !'1<Ioar. 'ancl:r ~"",..n. 'I'he iI],.../r:In- t.elra1 bat......
1 t.o 2 f~ :- tile gi'C>'IiDl1 -=-tae. Iou 19.4:1' of ....vol. U.ltJ of
.... "")B.,S:S: at no-. tIi1s 1Qw:"~~' N, I'1-Uc1V
(U, .,o..os ..." PI .. l4.0J). 'll:a CEJl 11 u.s. n 11 e1aIcn.d
• -= .. W (1) IID1L 'ftlII~ of U. ..u .........
........ ' .u 1lhat.Tata4 :!.Ii tile III::/IlU Uba~
(a.. ... 4 f ). '!II;b: -.pl. 11 rt1ll 11:1 Ula l:l-borUat
...... -..ple "ooh'_ 3l.]s '"~.~
"
.....__ .r a.. """' .. LL of 27.~ JIId .. PI rd ,... •..
..__ JIal.. of u.o. ,..-oil r.utl 1nto~ SC 0'" A-.2-4
...~t.. fte~ t.abn be1.tlw u.. 4~ Illft1.
:a. ..~_~. 1;,...telIlOU (_..a1u 49.1$~. 36.n
_ft....... 5.2$ fiae ... and a.aos n-). h u. or tot. aill.
1tl14.'IJ '* 1.ll rh "1:.1c 1D. ~"". !be C. "en ""- ..
ftllM flit u"7. D1lI p...m. lOll is cl ..,.;:rt.ed ..~ Cl:'.t..l.-b
A oapb t.Uc!. CD. nw ... 8 .~ """ aU. ~ or u..
~ att.~ .....,... aanct1"~ !beD:l~ tIIkc
"""_ .. oSepUl or 12 W 24 indou ......-18 tJ>. rou-1q; data.
l2.~ cr-nl. 61.lS a.m. 20.": t1Au, LL or 12.••~c
aDd .. CIlI or 7.4. ~ 15 clau1l1ed Illl SK 00' 1....2.4..u. !II.. ..,11
\&bin bIt_ 2 \0 :3 I.e (Sz-Mrboa)~ an 1nm"Na& of _
(76.n) aDd c1IC1'<1U& or gn:..eJ. (6.):;) and l'1Il_ (17.0). 'rhto IKIU
U ~l.aetJ.o and clJuI8:l.!1ed the """'" u th.~ abcvI.
111. otbor pit.t.1ld o"t>rasll p1&1na IoN lout-ad ust or \I.......
~ 111 .......tIIaut.<lrlJ'~~ P1C'o-t-, Md llOUtll
of~... Lab 011 or nllU t/>41 eut....... ""'='<le!'. the toJl<le:-Mr 1.ll
1 S"? Upt' IIld.e or u.. pltt.ed ' .~, pl,aW.
~ .... 2$ ... t.&bm about. to.> au.~t of~
........ of \he~~ .. to .. Mpt.h or 2 to ) t..t tI'ca
r eo. 17.1:' fit gr<>"Nl. 6SOW ....." _ 17.01 ~..w.
fill: aM.. PI ot,,, -. u. ...u. i.I d·... t1od .. :Ie ..
.....10'." ........~~'r......
7 hIM a.u or cr--l. 2a.)$ ot IlL« .... SoU:
.,a. ...... u.. or U- It tIu .. U. oI16.~ but 1.1 _
... rl· ftot ,..... IOU 1.1 CI1utItn.d u SPooSf or~ ...n.
,. _ ~ -'- t'0l' t.lle~ uteri&l 1.1 1da t.lwl Ulat. of
.. -.....s-...u (12.~ _ :!3.' "''lfl tbeJ;r).
,OJ , - oGle..:!. o.t.ull P'1a1zl,
'I!I.~ -llbl""'ell.T~ p.l..I.1>l U. all u.. .<>O'!'thcI:I
IlIll of tbe 001Ult.7 >dth Ti' '""& .. 1b .....V'V"u) c""t..... ft-.
p1a!a c:n. . QOrt.il U=u.1> JWj'OK~~ Cow:t:;:r. tn-lnAGof
u.~ l:M Im.!lall Co:<lnt;r. • -U on--b ptah .....u.eut.
or tAke 11--.., .., beoo~ ..... put. or the ace outvaall.
plain but d1rtos.:l b:r~ aDd l..o.k.:-a. fllt. '~&l""eJ. 0'lItwuh
pla1n Ilu .. nat topoltJ'llPlv' $1o¢n4t "'7 a..t.l¥ 1'ftII:I. t.1I11~
to t.ho aouttrv.at. l6.lclo:~ Ill' pockotll are compant1l1e1T t_
on tlda YlUIt out_II plain except .....101:' to t'-o .III&jc>'~ "hMns"!'
Md tbe l.alte aha1r:la to t.he ....t. 7h &\Il'rl.Oe is conl14....oh1Jt nat
.,nll deprwu10M abaIrt 1.0 tINt ill Q<lFlt.IlC!". n,. pittoodo~•
... u.. airph,,\!) 1.11""1~od toM» t1'",.. 0:1 tblt pit.ted outlOPb
p1dp~~ellSMI1. SIIrl",.~ ill o!>....t r- t.IdJ<
--** pi'",as 'e
• II .'''ee' ...u or u.~ ar;.....u;, CIIilhull doipDdt 1.1
_ ....... iT 'Uw rlod.oll1t7 of 1,< '.......
....... .... .. ••_. 01'["1II1_. -.1 ~,.ld ....
.. .u pale 0Jf • PIlI: • .n,. .... the -..t vu tI&cm rt II1te 1lo.
U~ ... _ .n.. m:l • '-U ."'lUI ..r t'tIbR... Lake. 'ftle_0 Ia11 II!IrI:4 6~ in d..¢h !AI~ ••..u- to .........
... Ia11 _; dnh,~ UtotJ... 0I:'pl>U _Wrlal. ..~
e.-... .... 1 to 3 t. ft<n t.lle cr->d. mrr -..1r.lI 26.9:1: cr
~. 4202;C __.. .-:I, 1l.(JJ n- IIa>:!. 19.9J n.... 'lba
a- ¥J MW1al.~ .......V=Ne pl&rt1c1t.7 (tL .. 3S.1!S" 1'1.
17..6J) me. bu • ~ CIli m... ..r 2.7. no !AI c,..dn.d. u SC OZ'
Ao406 -oil. !lie~ at. t.h.~ ..r 3 w .. t-.t. ......... oarbd
ill=-- oL /l:I'<ITel (5705;) m:t!. <1",,",",8" ot~ (lO.U>. 'llw! Itel1l
-ull bu ~t,r (Uo ot 2J.6J. PI of s.m. 9Ie am nl_ S-
.......... to 26.7. 2M. pu-ortt ....t.er...al i. o1euit1ed. -= SIo<SIl ......... ...,.
CkI the wtlIJtom part ot th" pLo.:l.n••~ telc.., has .ite 110.
7 looeted I\b:)\lt. two and • haU 1II1lt:l .....Un••n at Atwood. e.IlC>WII ..
""""'~ B--lIori_. It hSfI 22.6l' uo.vtl. 103.7% 00",",0 -.d. 19.0$
t1Dt qId MIl. 14.n tind. 'l'he o-borboD t.oli:on ~.., 6 Ulll 8 t....t
~ the eIlrl'~. 0Dllt&1n.~ 18.l!:' of fl"'Uel. !'ho _t ..r
_ hDIt iJI".._.. to 6S.0l' C>d bnth tiDe INlnlI hi fizI..... d. I'"
to 10..1$ L-.1 s.lI$ r.epc:';.1~. SoU.t bo\h IIDran=-~ ........
pi gt.~. Sf or A...z..4 soU a>4 IJ'eSII or AL-.lb SD1l.
...... ,,,.. tar u... eut-U ud JC'OIlt _tr..al I_~ :Ul"1llT•
.. -U _ \l:le~ ple.1t> IMC-I' teeetr.ara is DIIr. d.ltT 111
""_ ..... 0 • " -..pls~ at. ute lb. 16~ UlIM
•• IIIib1h1W •~ (2 to ..
» .. -.61-.1, ~.": n-•• u. of~ ..
• "II. 1ft...'" bwz '.10. y..~ to 55." tllU __
""" ...u _.lne czU,y 4J.l' t1rIta. It U d.r1&llat.l. .. a 'tell
» Pd...., pwTel !II at 4o-leoII aon..
!IIa' a r4~~ ;:dt.a ..., thI~~ _' .... pla1D u
... t.M t.ba that Gt t.lloI pUt.-1~ ........ , .. p1d4. ftd,s
....,n..... \M r&oc:t U:at Ule~t 11 to" '-b" or :tot. ... uaftlJ;r
.. u.. pit.t.d C\lt0lUh FJ,.A1.D..
Ul !larA1 CIlmuh F1a1n
ttl. a.>ndT Olltwuh p!.a1nIi an ccnt'1I:1ed t.o U:ti 1lDl'Ult.~ part.
and to'-~ com\\:" of t.!le~. ~ ......... *"' r"""",
adJacent. t.o til.. 1.I:r&c' a;clc ..h;..,QeJ~. !be IlIIrrac:e ~t.i<Jn
..m.. !'r<lQ -uI to~ ~~..1na. n:. pit.tod :>,,~
an... ~1113 d1aappo;lrs 1zl t.ldD lOll altit\ldcl~ outwash plAhs.
0w1tI& t.o th.. lev topogmphie I'c,1tio."l lll1d til.. 1lInd,r t.1Prt;u.re o~ -u.,
"eU til.. ~,c. dro.J.nage 1I)'t't ..... are not. woll 4~. .~l3" of
the low __ tICIXt t.o tho ...01< kettles (ll'a h1&I' 1zl orpnic 1I.,Ue:.
'!lI.. top ...u. _ bl_ 10. oo1br e<>::t.a1n1q lI1£h pan:lJ1t.a<:e of
pJ...nt l'Il:IU:1M. '1'tleaa~ cl'V"1c ~. g\It.,fUl: plAdr... lira 4....
u-t1l4 fi'w U. ah;iIot.o aIll1~ with crpdc IIy.:ilcb CI:I
...~ SOU 10. t.1Wl arwa 18 cb:1et1T 1:S_ ~....u A lI011
~ 'ned t'nm UA s1~ I'e. 9 1D=t.114 ll!lcuI: .b. dJ..- D<>rtb-
_ fII ar- ..trjblt.... ID!e>' the hl.Ql!.T OTP'" 0 .Ut7 top
-a. •• ' '_ (1 ' 1 to 5 rMt) od.th12.1$ 1;Tl"tIol. "9.~
..,. 1I.o)S n... ..." :mil: :tl.O'P~. !tilt 11011~
all. fIIu.. n ~ LJ. cd U~ .. :II COl' A4-4
a w-5r....r-tbe~~
• ~,... .......'11~" It.tt.d uSC .. ~.,n.. "'"
.rn d a ,.. ....... ~.o.lC_ ..... ,,.,.n-..a
... .r..u n.-. n 1-. • 1lCQ-~1c S&!\4,7 lIOU. !hot...n 1&
ol ...11'UIl. u JIOOZ'J.7 F'a4e4 an4 51' cr J,..)~
"oU... t.an ate _ ael.oeted _ ~ oalCk .-nnel at ute
.. 14 lout. a:ooo.t. three~ eo>:rt; of u.. p:'.-r1o'.IS sJt.4o. 'lbe
~ t.at.l~ 1 to J fed ....... ~n grpIIl ani. 25-6J
of &.. !be~ M:>4~ • 1l~U. (".o:Q UId the fi<>e
llanI. 18 .wmx<P'tto1)' t.Ile __ (11..:$). The p1A::UG1~T (u. c :lA.2$,
n • 60n> of tile B<d.l 18 h1¢.- th:m Ula';. ot ait.e l;b" 9. Ifc"........
u.. ...u lalla: illto ~Iwt aa- clatId,...~at1ocl b::r t.Ile BPft .,..at.... aDd
111 cluaifiAd .. SK-3C ..,11 b7 t.Iwt uses. '!he~ tllklD at ..
depth, to }: tooet; r.... the I\2'<lUIId lr.ll'!ace hu 1.!Il' F"nl, n.~
OOU'IIO ....~. 17.~ !1ne ....." lI:lId 2.9lC fi..",e. !\11e non-pLasUc S8nd:r
",,11 fit. in tile __ c1lI.&sU:i<Jat.1on u that ot tile pr.-.t:!.o<lI aite.
I/o grATe! p1t 111 round on tI:03e aaa.\:r OUt-luh plaine. !ll1e gi'O'e9
!"urtIler confi1'm:lt.ion 1Ib.31rt; tile !IlIMl;:r n4t~ ot thlI deP\l,1t. 1tIG
eclleoU I.ll4 JlllZ'SIt _tolr1al a."'!'.<n" p::opor CIlllIl*<lt1on e","" tll1:r' to
w;>ocI 8Il,!lpOrt1n& pcoqr (ClIl val"" YIL'.'ica r- '.Il to 23.S)•
.I. -U ""'" lout...s bot>tIll8l t.I>e~ :r.!.d&. IIIIOra1ne to tile ...-t
.... uat..:lb pla1n to tbe aut l1li<1 about thr.. 1l:1lu I>l>l'thwotet of
11& 1.. 111 eo:W.<!er.... on 0"110 " pl.o.1D tr=a1t1aD. !bU....,. b<.JI
leU... ~PtT. V ..,. lLtla 8'1rr- 4:ra1Dap 18 d...-lcpaII.
TlIe .-tom part baa .. 8lnjh.. ~.o ~ten wiUl the
pkIa 1oO • aut and the~~ .,_0"'.,.· the IIIIr'&1:W:
•••_ ••'.,....., •• _ -'nilor 1z.~.~. lK'<I ...uat
14 l'e GIU,y~.U pnNilt. u 1MSp'=
......... l' 1M&t.-l at u-t. u.. ce<lWr of tile ..... 8l"DIaI the
............. or u.. ~lt. LoDlltllI o£ ol.... ..." U>d~ a...
..... \0 12 r.,. d...;>. '!ha ll-b>n-ttkm~ 2 to 6 toot trc.
.. _t s.. I ..4 of 1J..,crJ: g:ruel. 194__• 2400:; tiDe
... aid 45.'" n-. 'ftle u. Md PI ani 22..\$ aid 7•• i.....,eU~.
:a u eh..'tied .. &lad¥ c1IlT SC a:' Aoo4 (2)...u.. '!be c.ba:'1aan tab;,
12 to 15 t-.t Mlcw tile grot:;>;! ...n:.............. &~ 1=ro-..,.. ~
(lNftl (29.'lQ. __ ...",.s. (~.~ the _ 'w·.... ~ ru. AD!.
(2S.B:C) aid • dec: _. ot t1nII (1O.~. ~ tIM ao1J. """' • u. or
J.5,,~ 1~ :la norep""tle. !be pII"I:rt. ..t~ at Ws ate 111 "lnn11"...-!.
.. 3ll-./lK CI'~ IOU. '!he bNr1nll eapx1t:r of the e-b:>r1:oa ahaw •
...,eI ClIl nJ."" or 26.!I.
-...
The ftl1.to's o£ the ~lC£Ill>eRiv(ll' and tha :.e1 R1vor .....1< the rit.<ll
of ton.ar 11=1al "lu1o~". tfl'I1ch preSll!.C.b1J "...,.lad tre:0c:nd0u8~
of WJ1t...~ tt'Ii:I tha P1a1stoCMe 1.co sh~fIf,s. 1.1> the ......sUnit 10" fi'ead
"' le>ad of ..,11 and rock. !moh or tid. d$trituu lQ.& trM"pcrt.~dw1thin
~ dnL1na&. lyat<nl> and. dapcsitod If1thln the ..luiclllt'Q'S.
llGD,B tho~._ River bu<;e t:or.oae.... CoeC'.Ir 011 bot!> si<les. a1n=o
.. '- 1.1 • ccnt1nimUca o£ the InOi'<>OUI c>I1t-.olh pl.dn ...,.,t1co:l.e:1
~ 1Wt.hor d1.IClIGG1m eh<r-W1 ba I>II!I. ~ al.oa.a: tIM -n
'Wm. ......- oont'1ned ....u.:v \.n1r. d ......it.• CICC'o:J' .... Ct:I'>-
........ ba \.ea, 'QI'. tin .... «ClU' 1&1 nrlDU ~" bat _ tlut
..._. , IhlC fIal tbe., "" baq, -.tt1~
...... ,.... t.o .... 'op t !ell __ t.he~. A -'Il1lU'!l.ter-
~~:::.:'~.:'~m:of u..~ t.en-. 4tlp:>a1t.1 <lIl a1rJbct.o& 1:1 tbe
,." .. at. u.. pwlpt ) of 1I'11t. wtd.otl 4e*c... r:. u.... S•
.. ,r'M1Jl*' I<dJ.s ...~ or u.. ..~..... tn.! 1dt.b
..u _ ot P1&1r.t1.eU ..., *,-..u......_117.~ d .u.t1.
a.l Ilfi.'Id IDd £N~ .... ttloD1 a1; C!~ ""a::I"1 rr.:o , to 4 tm. 9lIc..,
, 5 ita aN -'hat. -..- or bcn'O'f IDlI~~~.
At t..-t a.te a:.. ~ 10C&Wcl ahov.t. t.llree lIUalI e.vt. r- t.he .....rtb--
~ <lCInlC' of t.l~ -...tT. tb~ of tbu fi-ul~t :U
m-t.rat.td. en UIoI bJ~ cut. • uopJ..o, t.bIl , f.-t tt.lalt til.-~
~ Slon: gn.YlIl, '7.5$ -... MIld, 6.0%.n.... ADd and 40eJ tin...
... _teriaJ. 101 ~·-t1a and 1:1 c4asU'l.od .. SP of~ 10011. At
.. --tv b1ch g'C\l!Id a='OllI the ro&«. I teD;l ..t.orla1/l __ depol1t
b foInl. s.ll4JI of tJ1R top 2 1'.0 J feet Ire WI"e lmifom. _ h'M of
,":1... "acpl. tUIll1 At. 11 tnt J'\"CQ the P'O\lIId. IV!.C. 'how onq
1.2:11 of;rtmll. ~.... boUI eoar..~ and r1M aand 1"':......" to
~ ..., 4$.1lC re.~t1Te1T. ".. 1101111", • U. or 13.&'; and 1, ,..,....
JIMU,o. 1\ 18 -:""",tflll as poorl,y~ o.-l 51' OJ' J.-3...u. 'l'ha
to. .....44• ....." .... loc:.:tJ. 'IIarlaUoo ror~~ ...u..
, S t c.dal plaiD. ia Il: 1p.....~ U .. IJ.oaI; UIoI
)be t.o t!ot 1_ D' .,- or u.
...... 7 , ,..~ &lime u.. 'Sol ,11._
....,._. _ aau ~ __ .... a r. t_~ the wat.. _I II.
~::~r:r: ..u. '" t ...... _ toM 1'1..... b"llb. 1ht~ t-. _.
.. .unuJ.~ aloac l;ool UTWI' """ :l.tII~ _ 1:1. •
, ...... I.p,...t.t1oll. Sc-. ~ tho. al.bm.al p.l..abII '" ltJ to Zl ftol&
~ ....... ""_>011 110 u.t .....-.t --e.w 1I1lO~ bw, I \c or
~ 10ac __u-. C lIOn. are -. tOY' \he &1lll'dd~•
... '" -tr to ail\7 111t~ &lmt.& the -,)Gr .ton. -.0 ..u.
_ .. ,·,nate. l1U7...u.c=_,"",~•
.. pwosmp wgUI
2M >dal. (..u.a) d~t.d aaWr1al1to ~''''- CoMIt;T 11 uptkd
to 111m. bJ.-.. Gl<1 IWld C!l'Il,y. Godq; to ClII QQI I'll dtV"1U in
WI CO\mt:r it 111 l1bq tIIeto thoI~ vtnol wUl p1ek lip _
... parl;ial... llIl4 rodepoa1t tlal in the~ -.rea. The w1M b1.lM'I
....~t. _ ~&ll,y found QQ tile olltllll'lh pld.ll8 aIld alana the
l1GOd plAin or th. TiflIlIIclUloe Rivu. Bcwl INlllj dun.. '" notod on the
IIbJhoto elpeCl"ll;r CID t.he pitt....s outllCUlll pl&1:lIlOl'th of AtuDod. S<zIG
_ to _ .. t~. ot~ ..... c......ent l1I<e "='01. t!w -,jorlt¥ at
• >dal.~ """'- dr,loritll prob.1hJ,y ..... tobll 1JIloI.t. tn>- or 1ncdp1ent.
--
..~ at tMae v1n4 hl.CIII:1 depc>.Uu aN T'!T¥ -n. ~
.. t.b.7 an JlOt. '!Mh.... oa Ua .-p.
- 2 'Ield 11 \:M -,)or ...u .~ of t.ho v1n4 ~1t _ rAl_
U ............ lII1n1 bil..-. -..s. ere t<Uld crr.rlPmrl "'" 4rlft
....... bt- -.u. 111~ ";r 1I]Mdf'ied" ~lT pwIoI4
"
• ., , ..... dall tM~..u.or b:t1-m~,....,.
't ... _...r&:. • 1Iell _ , ....~ ..\tel" 111 -s.
: M- '" u.. :a-s.. of t.be Cl"=QId~ w:.1e ~ ...,.. oI:lt.eJt,.
• db ~ "*'- «del_Sr- U ~ rJ.oor ~ 1:la..-r.eun.
ftI.~ lD1:k ct-e1 1111........... t.be IlOl't.hcm bcr'da' 1n tbtI
.,.' "\«II 0CI:.1'lC" of U. oc:ad.T. e 111 o!r&1Qd ~ U.~ I'lldc:
1IIIU.-.I1Te!' to.~. • tldrlreq IllICIt ..,4~ bed is~ 20
,. 1.D. ~\OIde (ll). ~ laz$JI 'belt 111 1-...4~ or~
.... 1\ lIP _. U. s.1t.e or an G1d &lom,] lab tu1n. 1M ~II.
" \lie bed 11~ ......~ tll101cl.-.a ot 13 tNt U tOlllld 1n tM
.to'..... _ p:ort1<ln all Ule Il<ll'tJleutom pIrt or t.be d$lIit (U).
IIoak pockotA or ~1.. eu.o aN _.t~ 1JIe couatT.
~ _ IU'e conclllltft,ted alan& tile northem ~or- of t.hII ~ckert.on
'Df !tll:a' nucII: C>r peat beda U'e lou,: mol~. 'tb.~
.. \be db-.cUan of t.heU' Ild.II 1Dll1oate. to • cert&1zI __, \.he dine.--
.. 4uit~ ..... or tU =.cit depZ'n" ....• llnd .1\. lDIou ","pogap!l111
_ ...11,)'d~ 1'rc&l &C'1.al J'bDtoO'QJlU. M1I~ the deptll
....... 01' """ "'.,.uta nn.. u-L17• .-ah dclo"U &hould bI
q'rlld tor~ Jl'l"'Pl5Po
:::'~d:1cI:I ot _" N-
0& n .... _.1u'p= 7 rIlL ............
"
, II P?? __ ....,...-...n "'~ ... toM ....'hm IIdI
."'.,,. .... u.. _"7" to u.. Imllk htb or -'JR_ to
~:':7:.~..:;..:.:~.-..w ~ u..~ topIQU an........~ or Uw , ""'C -.. ftoI II01l !aa.'2 t., .. ' .MU. ~1aI'p__ .ut.m_
....~ .......... at· .....d ..u.. .. t4 cl.1,_t. u.. i ......
p".MIl_
7
..~t _ U ~W &1GII6 the a1J.Il?Ul )l1a1a at T'H' M.,...•
... to u.law l1V.c 'opopJiv'.....,q -o1J.JI .... ro:-t -lT1nI the
..., D.!Ubc' cro-'J1 c=-~ .",n,.. __ anu ~'"7"
.... u..l_ OO\U"M or u.. rl 1Jl tl'.h -=70 011 \11. -=4:r $pOts.
tl....ra. ~. gns_ ..,." rood 1.1,.~~.t1on. otbr
.... __tt..~ .......m.t Ul.~ on t.lle norUIeMrt.m qlI\rtc' of
• -'T. '!luQ'"Il'OJ'G~by wat.u lItl4 Wll~ pan. of tIM leb
Uw ea-13 ~oat. M the &\'0'- ll'ItOl' tAbl.~ thor;?'
""'_...... *'IT of t.:.. .... actUllllJr _ale becla. Approprl&~ pr.-
................. aIlOIIl.4 t. talc.. 1:1~~""'4 .1'<.ICtlU'M
"
.....i 7 =
• • .. c. &1.... J G:I u..~7a~"CIl\ of
a.a. fW '*'CI 11Il& l'W:; _." "cWzt I!l'&," , 'r=clI
....... $ lor CbU .I"nlll::'illc .... bc'rM"'1llC ......, ....
.... tide. 't~.~ tm,_', 1lU'>:Il.19,9.
• ... • Do ~•• a..a. L,. L I., -m. Jb:z u ....
" S QUDII" '!'t&t ertq~ or 8cd1a." -., rlIlC"u.'.... 87. b Dl£lMC'1.D.I~ ....I"". Pi:lrdl>o ~TWr­
.... 1tlU.
So ~ V. ?.... -'~. lSo:l.J. &:;"O"~ blI~ Coo:mtr. Tr.",..,,"
DC t "of ~tQno. 13\",... .. PI."'.a;.!q Qft1oo,.V~......
Do Co, 1927.
... • Eo a.. "19~ e- of fI;Jv.llat.1.lm," N. 2 pl.1't ~ 1)w!1.,.,
D. L 06... t.~ ott:1co. Ife'hfnp;\<a l)" C., 1952.
.. 1la"1.lIIr."'. 19~ e- of ~tllzo!I. V.l1. 1 put. ..~
er c "-.~ of u. e-.~ Pril#.1Il& otr1...
... _ oaltwtciLoaiO&l Dl.t& II! Iz;d-l"M," II. t. li~~ II. 3.
D I 'nrt of C GfI.
f.. topa. V. 1" "ltv': =k of Il'Id1aI>& GxJlogy,"D~ of~
wUoD. MTU1oD. or OeolOV. D>d1m"",,,lU. ~. 1922.
.. _ 7., IWlUW " ....ie8 topo.v&~" IIap;J ot II_In ()a:rot1rNlgle, t.e.bIl!'ll
Q Iciq1I, Pic!rcltta~. KQrtJlI'dl.>t4r Cl'.lIIdr<mlllI. K1lfotd
~MdW-~.~~tct~.
",,"_pol", Tndhne,
s..-.. V•••, -til, ~..,.~ of ~.' I"ubUI:taUoa 1IcI.
~ rtle~ of e-rnu.. Twl1m·po'''. ~. 19)1.
Lib. ,'. r., .." _lor. Po 8., "'!M~ of Inc!i .... ..s
n"l .... the I!l.etar7 of u.. er.' t..bfJ," tID 1,"'"C~LIn,
• " .-. 1'JlS"
"
- ·'1aa
• P.~ to 'rl""" t.!le UIIuw... &1.- .. aU u-.
........'. ' Ja t.Iw .. I au.. of~~ "¥d"
_ .. '- n If. 01 tU~ tor t1IIIdl' aeu.,. hrlI. _
... ' '.. w.s~ Prot_ P. L. 1I1clIul. I.u.l.~
fill. ~..... 7~ Proj.et. tor rn1.- of U.~; ~-=-
..... Jzo.~ tile ...u w.t.iq.
m d::tjt& 'oe -.4 1J:I~ 1dth t.'» po j4 ctkll or t.hh~
, ".117 IIa;:n'7 toM CZ'.sit. u..el "I'bto~ tar C '41tT Sh'd-
V.fm a.r-rs.ao. P..~ -.:l 4eI1Al J'tlot.0CNJiQ" tl:hu1«l. USt\o-
"
Dopth
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US II 01 Si'IIUl :<:aIDG IX 3ll1l11l1W1 AlIIA3
......=hMl.~~
..... R!J 7~Pro3Kt
'u..· t 1s .. tlnIl I'OfpOR ....t1u.d. -att_t OiL S~ Zca1lII
, n ANu". b:r a.rt K,~ b,..ucb... DIlIlIbocted
U. ..penU1.an. 01 Ptoh.... B.. L. Itl.c:hael of .... RaJ:t.
Kl ' II alaio ....,. u.. ....MarCIl 101: td.JI tt.aa tar U. .S(Z diU-
......". lkd.wn1t;:r.
!be ..M.U'dI~ t.b&t; land dioft~tltalq .. ......-;, does
.. .rt.~ OIl tbo IpOK or ""-...1 but u. .U.cot. ...... nrlabloo
.. qtI8Olt1t.lt.1........lvatlm of lII1dI etteet ... DClt,. poM1I:It. f<1r tbo
t,ypIa UlCI. dI~. at l=d dIOvsJ.cs-Dt., on.. ItU<b-~
ted t.bt.t ..."1....."' on tblI _*llO do not. 4llte:r.J.J>a the!l'~ of
-,;..~no., _PHd u.1t alp but ....Ule~ flo.,. tblI1.I' -Wra1Ml of t.. ..
• and .. Mr. lpe.
n. ...~ is p""Mnted to tho Board tOI' Ult Nelll"d.o
Reep""~ ....boll.ttd.
~,,,,,.L..I
1luo14 1.. Hl.chul, S.CNt.arr
....... t1D;1;. U,'.'0 __• x.... _
...... 1960
u
Tho .In.,,,,", OIl••• to> ~_. hb 0i1""....~ _,,-,,"ian t.o
hot....... "">"Old L. tid>..l. A.o.b....~ Il1rtet.or, .Jo1m. JUct-T _ ....b
,",,,",,to tor Ma 1<W~_bb auhtarca in .11 p.a. of u.. U,.,.,. ani
1n lila prepanU.....ad ...n.w <4 the .....ct1,pt; to Dr. ln1qr; II. BtrT.
o-..u.nL ollllotll_Uu aid St&Unlco, tor /11.0 ","""1_ adnce ""'
\hi at&t1nica.1 4M11Jl of \.he ablclJ' ud all&1r-h of l.b<o .-,...,.. ..1.&
.... tor IIh ren•• of the _n....,rlptl ttl Capl.&i!l Ceo.,,_ K. Statton!.
and h.h otricua, " t I&t.,.th Pou.:. D~rae~. tor 1.Ilei:r eo-
opernlon ~ 1nt ' in til. ~rt. of Ula n\ld1 cOl'l'lt1'nlOd 'II1th If..t
Lotar-th; ttl U.a S te 1lJ,,;t-r D_n.-,-, of lrod1ana tor prorlcl1"4
au-photo_; ard to tha _taU ol the J"uc. IIlsh••, Ro..."," Pro.!-"t r....
Ula1J' ••data,.,. at nrlolll at.q.. at the atlwlJ'•
•ck.-~lt 1.0 abo _4e t.o Pl'OjMrt7 ..........~ 1I....u.-t.....
,_ 111 _t Laf.,.tt.. tor ther tnl. .....t. coop_Uoc>. afId ""U .
-t.w U.a at&1re .~; and tor ~.Ilon to .. a Uleir 4ri~ .....
lo_.
tABLJi or lXl'T'l'T:!I ....
LlST or rIQ.."I:!S • • • • • • •




Sp..d .111 S&r~, • • • • • • •
,
'p-.d ColIt....l • • J
$peaocI ud Worc_... •
,
1'u'l'O"_. • • • • • • • •
I'I!r;tIlOO5 Ill'lllSTJCUICtlS • • • • • ,
""'" . • • • "
u.J.t. of StudJ' • "
Loc.t1...... "
sp.td W......._nt St.&tlorw • • • • • ~
"""."., • J6
PlCCUUt! • • • • "
n_ld . • • • • • • "
orne_ • • • • ..
ST.lTlS'TIc.u. .tJl.U.'BIS • • ..
-"'" " .... Pa..-t ...... • ..
,"",,". " "... nolati.... • "
......."" . • • • • • • "Lo>e.u.... .I. • • • • • • ..
LoeaUoJl 8 • "Loc.aUOtl& e, D, .,,<1 ! • "
llCIICLO:5JDll5 ,ur:J ~:UTross • • • "
,~""""'" • • • • • • • • • • "
"""''' . • • "
Iot.nlon O..d. ...
c.lln1t1on of Stoaliiot1l:u T~ '"
Spftd Uait S1,n CoIIdJd. ..... • "
AJ'fD.:DU 8 • • "
SI£D17 o! Do.t.a • • • • • • "
.\PPn,'DIX C • • m
m ..troUve tuq>loo • • '"
•







~. t«.Uon.t, S.,.od 11....."._ ... SUti........ 7, ... U, "' lI. •
• U.A.D............. ~
7. It>co.t10P th Speed 1I ~n~ swuo'" I) 1 - D 4






9. ltadu S""od lleUr S.tup 37
10. R.l.dar Spud .Ilater SUl1p J8
U. Pod!.1o" or Radar Spud lIIetu U
12. 5u.tUr D1&VU of Stan<t.r<l OPtat1Gn ..... II.... Spud
U Locatlon.l., Do)' C<>rdlt.1on • • • • • . . • 49
13. SUtur MAU_ of S~n1 D<omUon and II." Speed.
at LocaUon l' '1l;tIt Cordh.1on • . • • • • • • • SO
14. 85U1 ' __niU. Sp..d B.r.... al'd An... , ... t1.1lI or
Speod Lia1too, Local Vrh1<:l_ • • • • • • . . 62
U. 'SUo ''''''onUJ.. Sp..d BeJ"on am Att... _1.14 of
,"Nd L1a1u, lIon-locu yoftkl••••..•
16. ISUI ,_..\1100 Sp..d Beron aDd "n... _u,. o!
Spud l.1a1t., Da)' Con!lUon •.••••
1'7. 'SUI. hft..UI. Sp..d Bal.. ..- anll Ion..,. _U'" or
~ u..tu, 1J..s;M eo...HUon ....•• "
un or T.I.llaS
"'"" ....
1 • • _ ~ Toloora",_ "'" W ..od 1.11 Warc_
of SpIed l'lepLo.tio.-. • • • • • • • 7
2. Ufeet. o! Spud.~ 1.ll1l&!'7l&rJd • U
). U!.ct.l of SpeN iIolW1ll In J,... .&1<1... 12
... Ila~....... tod b,. V.r1_ Sp..04 1J.Id.U 14
S. Drl~ Sp...u ll.J.ated t.o Poeted Sp.." Lla1U 15
6. Cla ..1t1c"UOtI 04 ,.1>1,,1.00. 19
7. Sp..d SWd;r toe.tiora 22
9. "".t1:u. on Irdl.oo,. Vehicle Uc .... PlAt.. 47
10. Corr..,Uon r• .,tou tor Pflrc..,Ulooo SS
U. S_rT or S\.at.htle&1 lral,..1Jo 58
12. Ob• .,.vtd ft..ults on speed o! t-... irw " Spud Lla1t 6';1
1/0. S_..,. ot o.t&, speed ViOlaUON 120
rl
l5. Il$Ul P....,..,Ul.oo Sp..d. at Su.Uon 1 ..
16. C&lc\lJ#,U.... o! III11D>te<l II... ani S.. f1l Sq.......
t ... IIoIpUuUd n.t.a •••
17. Calclll"o.Uon aC _ftl.<:: )I.....
18. Ct.1C'l&1aUon or 5_ of Squou... in OOU
•
•
19. ~p.1r1U~. rat .... _ ..... • ••
~l. C1rt. 1loar't1Jl. 1lSCS. JI'Rnl.. t1ni....-dt7 1960.
Uf.... t:> ~ SP!ID .PIX:: III SJIIll!ll./JI AllEA.S. lq,j<n- ,.".r u
1lan>1d L. IUd....1.
Speed cOI&... l h.. t.e.n :I.d~If1ed. ...... or u.. _t i.oIporut:l.
t.ooJ. 11> .U_ptl,.; Co _u..et. .u:o.odft17 ruc uhbt; ....s '"
r<O<i "clod..w. •• .It. lJI cae••paad oc... l ilio •• to.., ~.
wad dltrkll1c Mel cos.ro..erod&l a <11>. '" U>& r..ot lJI.c
criC.l"1.& r ll.&tollahbt; &pead ....... do no\. ta ... tho ..... d*&,"_ or
."".pt..tolllt.7 M". oUl .. c ...rrk conl. ... l&. ror .0""'. r.o-I'....I~
t.on..... c ...rrk .1,ra1•• II.-roII••paed. .hcU.. tan to ... COtdIlCCed.
Uu'o\IDIout ch. United. Sl.&c&aJ "fOrI r ..... hOO'.".", d 1 dch .pee ~c-
tar,," od.~h1n Lh. trlqJ;. &rei bet n Lh. ,.nl>1 1 an:! ,enl>1..
...b.o.n ....., , .......ll,J ce...ed the bllTban .r .
na ttallll repol1-e t.l\o 1c. or tood.7.t n ....ubllTban
....... or lJI. oooobl..d .rr.et. or I.""'" .pood. u.t~ &tid 1"O....1d..
<In.....s. on <lrin...p_ po.ch Thr.. or t.h. loo.Uo,," C,""' .........
.... c.._~.. U.S. h1.,was- c od 1IbI&rMtI d ....&1OS-I& or~
dnt=='.1J' .._W.,U&1. " wi••nI 1ada&t.r1&l t.J'l'O• .-.pecU,,&17·
0. or I.M loc&U_ ..... ro..-la.... parU.u7 dhl.dad.. I>1&h..,. ~h
...~17 11&. to..n ..toe-..c"""ted. t.- c"" ~ ... "" r_ h .....0
...... u.s.". II&d to.., _~ &lotS lJIla h.l.Ih~ ..n.... !hi .._c....,cl..oa
"d ....,. e~~. e-_"UJ',!loa b1Ol-., ....n "'"all.... lou_
UOll r...tll4TUl. !h••rrecu of nr1..... """ted ._ Ua1u.~
,-aJ.bl. e rl .t.... ...,..trleto<l an:! r ..trin.:1 .pec.. 0Ill1
h .. ""'.1tC M"l_ t .....Uq; OIl dry 1I"'_nI. l1l"I ... opu..
...,. ald tliFt 'rie1bWt,. ...fId1UOl'lI Wered. SpHd patt"n.
r.... local .-.l n><rlClC<l.1 ..etl1cl_ ~.:1 ._ratal.:r; lClC<l.1 ..eh1-
ci_ ..oil... !.bal. oft1d.all:r .-.&1.t.rod lJ> u,a &Ctu.&l ""t,. &s ....rl_
thd 10,. U. pr.tl>; OIl LIt_ u.: plAt•• Spot .pe~ or<lad,
IU1q; ..n nact..-t1<: udaJ' 0<1 .11. , .. t nr1..... po1rllo_ ..t Neb
~t1o.., d....1<8 <I"1.-.l ni#lt, beto nd ..!'tar .p..d l..1a1t .i&""
t.d b_ ,.tad. lltoptllor, 31,~73 1<:1....... recor<1o<1. or ... icb
3),~~2 ..... t!\Iriltc the d.aJ" ...<I ll,O:U Mr. -1tC tJI. niFt.
Tha .t'l>dJ' r_led that the dn"er" ... 1<1 Uttle. 1£ .",., .tt_
Uon to poato<l .peod l..1a1to. Tha1 ...ad to eb"".... "pHd _hicb tb.,.
tJI...al.... e_ld.red appropriate ter pr....111.. eol'l11Uolll. No.....
local "ah1el.. tr....led .1gn1tl.""''''l:r tuter tJI.n local ",,1\1<:1.. In
MlQ'l.. ta""••• lIoUeaabla dHt.ra..,eo b.tw••n d.,. .p.adlI and nisbt
.pe~ _.ra &1.0 rec<rda4.t ""...u ••• V.rlal>1UU .. In u._ .1'_
di.tr1bu.Uo".t • few 1nd1'1'1d..l .t.aUo.. ter til. _ e1", and road
...n11U""" _er. _:rpaetacll:r h.1.#I, tJlua .....t.t el'allandllC til. ac-
e..-ae,. or r1J<acI-point. apaod .10.....nt••
Tha 1,,!l,,_ til••""a4 pau of " ..r1.... tn>M or .s-
a14. d&'ft1~nt 41t!1eall. to daU h .. 1rIIo.u1&1bl:r, and ...
.n.....~ ..,. til. ra"ool&U.... of <luU~t 1t&_eU.....rr.u." "11._
u. d1-.. t&cto.... tba l..1a1tad "'ar of lo",U_, ..~t. r ....
_ 111. cIa'I't1_ ~, a.lao colll.r1hu.tad to -.JdJlI 41tncili
_ .u ta _111:1u1 .
m",,,,,,,,.
7l1r "..... phil_phon law. arr;...4 Ul.at ~. per '., 1>1 I>O'C.
cM.I.nJI:U"a. TIll .uipUeal p.o.UI tranled b,. UIe urUl w1tb .. &pe«l
cu::...urc 66,000 .u.. pol" bo.... 1ft it. a.tmOIol trip • ....,.,., the aWl 1>1
.~U1all7 .. h1&t>lr IllIftneed lreeoGJ'. 'ftotre He, __.., no "",nnkt.o or
l'rleUono al~ U!1oI r ..._,. l.D Ur» 01 c ......",. and <>1.1>01" fthicl...
To .. _t~t1c1&n. pbJ'Sid.lt, or ut..-.. '1'..<1 _y d..,ly
••n the ...Uo or dal.anca to tw; to .. turu. eng1ne" .peed, per ...
.... ..... h1J1l. blt in con,lW¥:t1on "ith u ... e\loh ....... apeod, .peed
pv<:omu.... , .peod ....... on<! other. 1t lIoa ...1g>1t1eant .0"""".\.1011.
ll&n .ba,.. "". nriYed and ,1..a,.. wW al..he tor att&in1ng
luu.. and tutu .po-.cla on the land., on Ula ._. and 1n u.. air. Tl\.
probl. to4a,. 101 not. prl..-ru,. to d....elop uhlc:l.ea ... tell are able to
tru~ with hJ." apo.cs. bat - ..dJ' to de..el<>p add.1Uono.l d...nc .. !<1r
........ icb -.1.11 ...ut hia 1.1> ,,""'tnlWllt and IIt1llii.., the a.,....s.
att&1 d h11' and -rr1c1entl,J'• .lo~l ......MeL l.aproy.s
u-_ l7 _1,. Ula la•• !>aU ""."'7. t1w r« eI. fir 1.1I. (LOUat
aU. in 1598 )9.u.. pol" ho<r alld 1n 1'150 )\lIo .u.. POI" '-r (~5)·.
,.. &.-,& olri , _ ........ IB_ .........n"J Uttle UW"" to~
,
.t~ 1I1U1 hl..\:ll ~wdoo. TN... _7 be ..re IIl$1...,.. ard ute ..ehlclu
.... no ute dri , 11__ r.,uat.1o...........trlcti...... -"sl'
(410) k .. \Ill Ln U1. roll~ qIMlUU_. '$PMd U 0.. of u..
cr-t tl.&1 to_tit....1&11 aka h1&h....,. t ......p<lI"LaU_ intiIp...-
ab1lr in _,..." ..... 11.4. It _t b. prO"id..t tor ....d p"""..tod.-
_t 'pHd b MIeT D....Uea1.ly cqrr_..... tho on1J' ..&1. apMd
b suo ..u. per -.. (29, 66). kcl:loR." ooC'U U eU .~. K.,.....
....... h\&h.r lIP__ 1ll<:r ltIe chane_ oL apo.... to .U....U ...... t/:l!
~1d1t7 at ..l\1ch u. ••• d elop net-CN the ..bUil7 or u.. dri.e.. cO
rMet properlr ..nd ~ lora<! to an a<:dd...l. It b .......ll,y t ..... tJ:iIot
1M .peOod dt1.el'1l1n. t.1>o ••urU,. or an _001:l..t (17).
1I'1tll tile url1 I"'..u. of the .... or lIOl.or ..0111£1.. oped..l at.-
ttnUon .... _y,", th.. probl_ or Ne. epeed. In 192~ D1ck1Nlon .. <I1
Wa .... ln (4) deUnod Mf. apeed .. "• ..ell u...t .. drhe.. lOW be able to
atop lib yell1c:l.or within th .. dht.an<& ..I>..d tNt 11 cert.a1n t.o be rne
tro- en)' oblItrueUon", 'rI\h 10 c.n.ainl.r true tod&1. t.oo. iliac 11 thon
.. Fod drin..' II lit t.be 0,. ..0 al.,-. drh t .. oar...peed?
......1.on (}/oj d.tiJI. hL. .. "_ "*'0 .Lal"t~ ." Journ-7 .-.pnne..
or '*'" .........,. e ..""' .., "Clkla, .... t .... ruc arri a' Ida deld....Uon
Ill'" IarlJlc &fIT ' lIb» .u-e.ll ar od,th_ c u.: ...,.."" ala••1l7
~ •• A Y&l. 1lft1 .o:l." .'1IllJ' <4 dr1 .... ~1'iar ()4) dbc1o..d
.... 11 poor c"'" <4 "". drl........... -. 11K 1......1.,.d, 1Jl ..r100a 'rarrs<:
_W_. a' ill, lila, U p..- c_ Ian onlr _ udd_ ..cb; arid.
..., tao. .._t",. 4 poor c_ IOCCOlU& ror )6 p. ntt. or all aecW-....
)
&IlIUM.. ",., (U) r...u..4 U.. t \lie 1ndJ.rldlal 'PMd- Gf \b. dri.....
IllUl ocelll_ new. ue IllCMJ.,. lI1&tIer u, ... tIle.. tor U.e dri"_
.u.-. ..:dd-.t rc<rdll.
'.t.o apMd b 6Ct.., aot¥oeaUd b,1qj; u.. .....t_t contrib..u.tw;
ca•• 1.0 ...<:1.,. ,. Thaf'OOl#l ,tud.1... '-..... """ 1ndJ.c.o.tod u.t
Ut1a.7....c. be Un11 t .... , •• t<I.~ 111 lIl1ll.."_ ot W.Ol» ud.r:l...u
(29) 1.a wtIl.c:h claw .. to ...,leI.. op__ ..... el4o&rlr aw.t-.d. .m..od u.at
It ......,. acc1d'" 1a .,kh "P'"ood ... the 0I>lJ" noll.U,," ...<lld ..... b.....
........ ed. til........ d; ace.l.dlOf<t,a .. <1ld *" ud...ed Ud~ 10
per c-.t • .u.o, 1l all acddeli.. ",olll<! "' tHI.. p~od ill-.tL1ch
~ .e U,e pd....,. ........ or tile ac<:ident. the ..n ... 111 .....,... or
&<:0:1<1 ........1114 -. NO" bHn ...,,, 1..-0<'''. ".wall'.,....l$ 7S p..-
~ .... or II>e .cold ..... in.....l'........... othor rtolf,Uon but. "" ',,",eel ..10lt.-
Uon. tn 19S5 the Chka&o Park Dilen"'t ucrib«l ~Hd •• the pr1nc1po.l
eo.... at 01\1)" 9 por ..... or Ille autc.obilll .cdl:lf.... (42). u nated
.......10 17. speed d>.. d"' • ...une the .......a' or an acc1dent 10 ... 1& raot
'"''' nJ.,. the elv. r..ctor. ·Spud 1& onlr <11",,1'0"" "wth, to
attardarrt. cordi!.! • (44).
SJ>-_ 00<&'10)1 1& pr....bl$ 0fI0 or tile _'" 1.oIp:Ir~. d1Il'1c"H.
aal OO"""'"....W prGb~ at uarne opanU.,... Crluria ro~ .n.al>-
ua.~ -1""'1 ao'" do """ Ian l"" <I..,." of aeupl.abWl1" .....
_b ".r In.tt1<: e .........u a. no P".~ •__ O~ t ... tfie eipau .
..... 1 t. ~~ boca.... it r.o.eW~t.. __"- at W>1t.....
...- .1 t. _lrablA I'roa thlo _tanlpo1nL or capae1t1ard ...tet,;
,
...... c_u.. 1 .t.. d1JricllJ.~ becal>M r.r.r2A~l_ 1n dz'hillll: b ...T1or b...
_ Indirldooal.e d.o ..-",,~.~. u,., nt.b:u._rt. ot .doq..h. r..o....
.a>h d... W •• poulble• ....uor. _rn.nt. N.."'" on obj..,ti"•
.,_ ....,.; .1'ft"I c-....1 1>1 c-" " ....t....1 beca.... at d.1nrpnc:ea
of opl.A1Dn ......~n. mr....c 1'JI. attic.... til••nor1.t.u. and
U.~ ll~ "'''''C u,. bi....,. to .ppropriU••tllodll r.,.. CO<>-
U<I~ ~-..
SpHd~ 1 1.0 I>I>t ..... in_ion or r ...... <Sa~.; ..eU..... ot
\boo _ .. x.. """ til. F"P"r ope ....UoII ot d ..r1Gt.•••_~. llbodoo
I-1&ncI••rt '4' til. tir.~ ~n spa.:! col:l. ...1 la&1.l.oUon in ~IM UIl1~ad
sta\.a in 1678 10.... jll.u04 r....b1d<il.11: r ... I<l... and t ..~
drhirw of """..d "Skin. In 1757 til. Cit.,. of bIDn Ua1~&<1
rid1rs on bor... an:! driYire of houeoira... "o/>k1.. ~o -"d~ .pe&<l
(SO). lI1U1 ~h. em. or tn••ut_Ua .pHCl1q1&1&tion b....aIIIII
CNeal. ... ,.nu._ ed T. H. Sh&"lln. w.a r1ll&d ten dollira tor
al'"041rw in .""... ot 1O.u.. per ho\&' 1n k!MlI.po:u. 111 1~2 (36).
'"""'&h UI. apead 1&.. pa..04 g......&11,. deer."'" 'apa&<l .hould b. r ...on-
.h1&.nd proaciotd. r .... the conditio.. pr ...1.,~· til.,. 1&r~ t.h. dete.-.i ... •
Uon or _h .pHCU to .ntcrc1l\& ortie.... In!.ll. 1&~. 1931'a til ....
ld.Ida of apaad lla1ta t.d cr)'&t.&ll.1.&ecI' u..·no .pa&<l lJ..&1V. i .•.•
• ",,04 &boaJ.d b& r "..b1••..:1 prw:lant.. u,., '1"'_ t.d••pe&<llJ..&1~'•
...... ......1 _ad 11Jdl.'. Il<rlq; the 1930'. ue-t-. eOflC&n>-
~ &d9&auCaa ud cUa&<l......u,;.. of \1\. r&&p&CUn ape&<lllJo1~a tHlad
_palm. and _papa.... ~oaL lb....Uoa U. a. 9. 10) eorO-
~••,... 1& clanI:ed. 1:> ".rl_ .t.at..; ......,.~_ ...









































































































































































































































































































































































































































































































































































































































































_u_. til. *t -.:<Tan" • ...uab~. An ab... pc. clanp 1JI U.e .peed
liIIU f.- the 111'" """d l.1a1t. t.o t.be l.coo bAA l1a1\ .tUdn the .ubur·
baa ..... ottclU•• at. the bon!.... of u... biln .... r-eprdJ.•• or d....
nl._t.. 111. _ ...... e ~c•. 'er,. r .. dri• ..., l.1.b t.o app1J'
"'"' b wiu-& • ..., cone.intll..........."d, u.. ro .... tt,. 1__.-l
lWt. ott 111 dnl, ~ partlJ' da~r4ed ..m.ll ..ald. dn'll1or-~
alI<I 1nI:1.od,~ t. rrk atlt.o.UUll¥ ,.....J.ah Ul. _1'"4_
A .poed lla1l. t.. t.o b ......._bl. 1tI ....eI.. t.o H ..-rarc«l. ....,
..............bl'1I-. _peed 1J.IIl.t eW & .... n.l.lJ' b., 41__,., and .......t.itt;
......-,bcw:l.)' dol.oU"i! aud> .. llodt. r""lu1t"a .. 1'01.1<:. to,.... or ~siono
!n:o"".h.bl.e. A _t..,l. "Peed l.1a1t. .....\ b...U wo..<:i~. A .peed.
lla1t. 111 on:U.t.rllr no\. ......ld......:1 oeU enfarci~ 11 Ull.n the p...
.... or the dri " .... " ••eeI the lla1t. bJ S 1111. pw 1>1> or ...... (3/0).
_to ..,tcrc_nt. .,.""hl &10. _un that 1n .r peed h ..
problJl.., apprell.,oon or ..... 0.. p<or .ent or !he drinra ..auld b.
<11lnc"u.
TlI«>.-.t.lcallJ. 1l .. _t..t _""",, l.1a1t 1.1 dll'l.end...t b:r an 00-
J..U ... a\.lr;<t1 ,nlorc_nt .ho>Iald tAke place .YWI tlIo,,&b the U.U 110
__«I bJ Ol'lr." .u.. per be"r. II......... or d.t1e1 lIIa o! Ul.
"'P"i .t .. ee1 111 e1Mcldq; .'"""" (75) and tile .poo_ of u..
9lIIdeJ.•• a tole...~. 1& c.. t.>_rll.T _11&&1.... UIooIIP rW>t. ~ll<:1J'
..... bater••p~ftI1on t.aIoo. plac.. n.e ..It. ...-..l.:r ..ad t.<>l......
_. III th.. aU.- per b><r (5'). 1<Jt.lIl.tb.a~ H..: U,at .pe..sc-ur
__ 1& u.. pro.". ,...., .. tar al.1....ue tole ",............J. &ber
7
.....,.... _. <tr UU J..oipo>-Unt, .~t aoe<rd1'1l to a aw<l¥ \>1 the !no
, ..""bUon (59). Table 1 sh"". ""10. of the "'ot ctara.teri.Uc 1'..050....
clbconred b1 th1a atuds, for allo.1'l: t.ole ..a",u in .nrore_«<- of
epoed ugulatl",. b1 .tate u ...U •• city .nrorc1l'fl "8""0180.
TAtIlZ 1"
SPEm RlXlUl,lTIONS
Per Cent of Reuo,," Reported
.~~
eiHeo with Po~,htloSut..
10,000 - 25,000 - 5O,0Ci0 - ~~
25,000 50,000 "".000 "".000
Ad.lIBt.-rt. tor
SpMdClllete.. Errora " '" " " uC.....te Pubu"
...,nu " " J9 " J9e--t. ROQ\Iua
fa' ConrloUon " " " " n
'~rie.l Lt.1ta
C<>naidered
,~ ... , '" , " 7
Tot..l "" "" "" '00 ""
,
n- plrPO" of U1111 1m<_U&It.1on ... too Itud,r tho .tt."t or .~ed
1<>llo1q; in • ..,blrt.n ........... prn1_lT....-d. TN I_ral .tr..t of.ed lla1t .1&no on the IP-.d jSltl.", .1 _ill II _ lOP"c1t1c: .tfoc!.a
nlaud. t.o U>e ,..t1 .. of .1&... -.d th, 1ntl"""1 ot .-cbtd. 4n'elop-
......... tAl to. ...17lod. It __ a1o0 hopl<l tlul lnt_t.1on pert&Wq
to U.I _t.abU._ oL .~..l. -.=,.-.. fir aP"'! 10n1n& in.~
ar-o -wi bl obt.al..4 lJI..-&b t.kb '''''<11.
,
Cont~ r_ord8 of .peed U"'" betore World .... n &u~
~.. s- etAw. _d••poted .......~ ar to..1.l'17 .1r.l.anlin cht.n.c:t.cr-
_~ tho d....udon ,...... of the 19)D'. _ tt.•• nllll1e..... ""t.
repnWd in a ., whkb ..1Wl t.... potno1U..ed ,..r-~~Uo",.
• itt> th. renr1.cUo,. on co.-oUno and r_... toll.-.d br ...U........td•
• potod lla1t of )5 .ua. per hour 1ft 1942. th • .t.&"' b-" lb aka c_
UradnA larl' ..,&100 .pHd It....u...
1bl ..rlien _Jor .,,",,"_trenc! W Uo. cu. rrc. Rhode Island,
-'- ..e u.. .......C• • ""eel .""_ • n...dJ' inc t 22 -.U.. per hour
in 1925 to )~ aile. ""r """" in 1934 (55) .. AnoUl pr_r .t.udr at.
.....n locHia 111 II.. r ....k 1n 19)5 dilclo.ed an ...,••peed or 43.5
OI1lu per ho In 1950 tho ..... lClC.Uo r_tl>d.1.d••nI the
........1••p" then 41.7 ill.. p .. hour••cc n1ed by .. r»t.lcublA
1.., ..... 1ft t." .0..., ..t. ...Uon or .p.-do 'roW'ld t.heir nnc...-J. ....1".. (55).
1IIrl~ \he 1950'. -xt..... i ,,",ee1 .hdioo....... cOtJd\ICc.:i th~
... tho IIftltod ~t&t.u. Sl"'od ht.. b orr-acld -tt.1l tutor. potrtain-
l.q; t.o the v17.......""h , 'I', a:~t.1<>...; 1.0 t.1lI ..... iel••"",h
.. t.JPe..... aihae-; too U\ eu••"",to" ~o-M.. ""lith aid .......
fit laM., t,Jpe ..., width of _laM and .b<>vJ.doen. _ -I!J' otl>e2'
~•. n. b1bllo_h1 eo"" uu.. _tuW WrlJ' ..1.1.
'ta4r1<a ..... NpOl'U r.- _ri_ Rat_. _ oat_ u..,t u-~
'"
"W7 .,,1IIlI7 It.. co..."'- II1th the ....... or tlrl ...... _...u,. the ~ted
.... UalI.a. IlcClla'-:lelf .""tM .1r-..l,t 11\ 1931 (I)I "It". ,.,uoJ.1.T
..." ...... eo~ftt, ob ............ \b.t.t. .p".... ~U .... noC11&lbI.- eftK'-
..... the .peed at. .,kh ..eicl.. are ~t.ood. Dr!"" u at Ulat
IP'"d kh app...... to til. tI> b. Mfa al!ld dOlll1rabl. lltd u'e c1l'. _
_ 10 3t<ll1.. _de 1" .Ut.. t.~ rued l.l.aiu. 1'"'18 r...1e l.l.a1u
and l.l.a1\1 ruultood 111 .p x1ate!J' tIM ........__eel _lOr_rabl. t •.rUe ....".,,11.10 In 1m apHd 1.-aU ill ....,.lard and 111
.... J.........ho ...... P'~ tacs.. 1.P tor .\D .u_ poor '-" ... l.D. crreet,
and 1n ",slO&c!l••Ue, ;ll) .u. p..- booor 1"'18 rad. lA... 1.1>
etr.el. nyM1e4 u.at u.. .1* lOt-en loT u.. _jar!'-, or <Srinn .e
...bIIl.anU..U7 U.a _e, ._ 35 ail.. p... 110 (10), 11_'11 25 fUI"S
lat.... the ","obi. n. lUll u......; In .. t ""u ......., ill the .et-
_ paTt or 11'1_ United st.t.. 99 poT c-m. or aU drln" 1«nored apeod
11.1\1 or 1$ to 2S ..uea pili' ho,.. (62). Table 2 .ho........Us r ........
epee<! t ..t on .. to.... lo.M dhlded. hllllle.,. CU.3. l,O) In Ilu7lard (13).
in ell.1Ch the addl.t.l.ont.1 orr...t or .. '.peed t.o,," d ...d' a1gJ •• anal,yo;ed.
eo.....dt (25) 1)-an~ pt"Ocl&~, "_orhu a_nl..1J' !a1lO••
poned ep..od l.l.a1te in II.. IiIltX1co. 'hi> llblr ..."... tor ~Ido noprd
an th...~U.. at .peed llaiu too 1.. and. til. irno(lll&r. hal'l-urd.
.1&lL1llI: of .p<led ._.. In "'" .........uU....... UlAn 'jO p<lr e.,,~ of
U. drl~ ..c:.-d.... th. poet.ed llai~; ..fore_nI. l.oipneUe&l, no>!. T.<I
~ ~.lbl.e.· It~U fro. UI. n.u 1" .... lIalco (25). ~b ~
1I1al rai.UC &1 .ell .. u. ~ .peed llaitl 1tl Table 3.
'IIl1ll l ....ltabl¥ .......a tbat. ...lei...~ Ualt. el.trll. t.o Ul.
v.. ISUI pe...,""11oo .peed dtt_ -. l..oiplJ' tba~ UlI .,..., will m .....
,
II
_1400.... ; _ ..... r ....uctlDn or .ee1d,"" ,t _'" euch Ut_ do..
.. __....-1lT 1nd1C.1.t.e • u-t.er ~C1."". or the poet.,l. Ua1t.1.
cI .c.tl:1; apeiOd u.J.t, IltId .l.&bU.~ or llait., _ _ Farl~lT
.::l.o~, 1nU.... t..d that ...... phJoolcal In: .....1rt; or til O\'l apeed
1.l.&1t d",. d1d -. o! null , ........ t.. higher ape.d.; d1d t.lIo ~lw
chonllrc alter llIe nor-.l opuo pat.tern -.l.thln ,....... I'IJrtll.......... no
nid..ce oothted to In11c:.te that •••ide""_ l"'r.......h.... '"Peed. lia1to
e.nUieam.1J' a!'L.,.,. ltI.e •.It.....UOfl; 1.11 !"act.•• u1ftlt. 4tcr_u 10 d.b_
c....ub~ 1.ll !hill cu••
£1':&:15 at .$Pr:ll ODIG IX lU!nUJllI
S1i,... """'t.ed ... 51,r;.. f'oet.td
,,,,. Sf>- zo.. .u.ad " .." ..
.I....... 5p..d (,.p\) /').1. 1.).6 /'5.S
rer u"t. of 'l'oh10;1u
- 1Il"d.~ )4 IIPh to ,.S j.7 ,.,
- b.t....." 35 - 5<;1 IIPh ,,, '11,.6 93.7 ".,
- o..r 60 • (.1) ,., o.!> ,.,
"TA!!J,§ _
UP&::,S or SF!!Il ,nnx: III II!!' ~co
Spud Lia1I. ,,~ P....,..Hh Spo.cl.




-" "" '" """ " 4'1. S..... ,,~ '" 1,S-5
"" " 45.S
Berino "" " 47.S
,~, " "
100.1&, .-d ..tn7 lIlop"" 1n ..."jun:Uon ..all ~he alt._Hon of ••pe~
l.1a1t \Ltdo"'ted1J' contrib"t.e \0 _1I.1llS _ dl"1 .......... ahMo. A
4rlnr ....0~~ 'I1.o1.lot.. _ apMd ll..h .7 al .. ba alart.
" .tll4;J 111 1&...... (67) ....-inc U1at • .-.cNcUon or .ec1d t.ooIr.
pJau ........ JS .u. pc- '-" apud &ON .... tr.UJ.lad in an ...... pr.-
~l.:J ""'" .-li; ,.t, 10 PO" c..t of the <in"" ..... _ Ule l.1a1t.
OIl, r_ 1aI:l. Ja1&b-.:r••DI>Od rer 55.u. per boor, U. ........ or K-
dh.... d.:r..ed .n.... th••00000000l ,.t, t .. th1r<lol 01 the 4rl""
rtola~ood tha Ua1t. In th1Jl Can it 1& ury taurd",," to conclud.. tha~
tho ~t.a<I .p_ lUdt. aoh1r accowt.ed ro~ the ~odocUon or Ul. acci_
def(,a.
A ..ery irt.e~ut.1~ ""'J't!~t-nt ~.gard1~ speed zoni"6 waa p....ror ...d
1tI 1'156 in Ule ci~r or NuhYille, T..""",,,,, ... ()OJ. It !'ad bec.,... ap.-ntnt
tn,,~ Ul.. WIi......al )0 od.le p.... hoW' .peed l..iIa1~ \os" too al"" tor so...
aec~lo... of tho citr. It waa !h.. n ....ked tha~ ...~~lng the "p_ I1m.l.ta
.t .. com odd nu-~al .u:h aa .'l4 or )'1 mil.. per ho"," would probably a~­
t~ac~ ..~~enUon and 14prov.. the ob...~va"". or Ul .. pos~ed ll.ao1t.. E::<cept
r" notlceabll publlc1tr"'en 1'1~.t erected br th.. tt. tn...peOlCl ob...~_
",.Uon.. Wire ..d.. it bee".....rlden~ that Ul .. etrect or theae a1gn. was
inai,gn1tlc ..nt when CaBp&~ed ,,11.h .omentio..l o1gna 1n1lcaU~ 35 ani 40
JI1le. pe~ hOlr, ~e"l"'.Uul.l".
To .....ur. devi.lUo.. b ..tween post.d ll.ao1t. and driving epe<t<15 a
&ur'uy was conductlO<1 ...u~al re"r> .go .,..e~ a 5OO-tI11e lecUon or "
p;r1noipal no~Ih_"outhU.S. 1"<>\It .. ~hrou&h tItr ..e south ...."~ern .tatea (60).
llUl""8t' l.1.oo1tatlon nr.. 1lopo.. ed, pr14a.~llr br obtainil\ll .peed <lata
uo1ng Ul .. 'n tirg ...~ ...Ulocl' and uo1ng onlJ' a dngl.. tut ron, parti.
cular ear ta\«ln ~o a~t.a1n .........g••ond1L10ns~. or ""t...,~tht
1Jto.~ea~ wa.. tne separation or sp.ed dot.a by p/1ylli.al .ondiUo,," .....h
u ttpe or ......d and tT"" or ar.. ; 86 per .<r>t or th .. 500-<Ule ..ection
as ~","al, 7 per c ..nt aUbll:t>an, and 7 pe~ .WI~ ....ban. T"bla 4 "ho..
41at.anc: ... posted br Y&~io... apeed llait., Tabla 5 til.. drivirg .peeds
t'~~.,t to til"". lWt.. In ..barb.n d1atrl.~1 tho prlnd.pd dirhr·
__ ""' .... red wt>.re ~"" posted ""eods ...~e JS aile. p h<":II" o~ bu•
...... h.1(h.~ spe.,t l.1a1U ••re 1nd1ca~ed ror .. uburban a , th .. t ....vel
URI! ,,'
...-- hr c.... of T<>t.al IW..... (~ .-u..l......, Oro' ....... .- >.ll(_.p.h.) _. U~ U~ -
"~" '-' '"' ,.• ,.,
" 'M ,.• M 'M
" ,., ,.• M •••
" ,.• ,~ •., •.,.. ,.• ••• - ,..
" - - - -
" 5).7 - - 5).7
" ll.' - - ll.'"",. .... ,.• ,.• .".•
'P'. wr. _. on.o ..etu...Ur later til .... ~h. poe~ed. 'P""'. Sb:~,-
_ p-.. e.,t of tho 4ri..... 'I'101a~ed. u... 'P'O u..u.. 11> ~.. ...bw'bo.Il
anu~~o 4) ,.. .. u.s. 10 til....11&:0 52 ,..r cMt 10 t'" .....-al
dbtricl..l.
TI>1o n.~ cll.ou""T.l1 r....-l. UIot. t.'- .............. 1.0 crl-
t.1u.l ... ~o proper ... r_bl• ...m..., thaft • ..., _ of lbo ot.boIr .
e- l.7...oIoq_~'" crodll>lo~ of tIl1.o ""..11.1......... will
iIIIlt.tt. 7 sr-. ~ed. co." ......... 10 u...~ u-. J.l~
__ "",. __ .... "'- coale"", tIl~ U. UA1Wd stoa......
IlllIfDC Sf'EtOO !lZLI.T!Il '1'0 PO:lTED SPE!Il LDlITS
""c Ay....... Drh1.1"6 Speed (1IPh) Per C.... by 1Ih.1eh u.1t~ El«::eeded
"......., _0> SIi>W"ban ''''0 R>ral SubW"ban ''''0(a.p.h.) ".- ".- Ar".. Ar.a ".- Ar"",
" " SO " '" "'" "
" .. " " "" 66 U
SO " '" U 66 " "
" " " '" " "
,.
-
"' " " • " " •
" ~ J4 • " -" •
" "' • • • • •
I SOIree, aererence (60).
YW'1 fft reported eo""e d onl;r th" lNbur"ban aroa, "a """Udtly aepar-
.ted en. t.ll ban .r II........., thh 18 cbo to the bet that ,
daf1t11ta b<rd U"" bet.."n the t.., 18 <l1fno:ult, or 1oIpouU>1.,
to d.n"" in _...,. <Sa... Wit" 1.-1.- ban ......a the allbw1>an 18
c_t..lltlt _lng. .. dlJotr-l.et 0Ih1e1l. deflnod aubllI"ban.t 0.... u....
Jd&IIl. b. t_d ...ban ntlll.ll. fa- ,.,,". lltA"tion of "atabl.iahllll
..ed l.La1t" .-J.Ft tIl.rafora be ...... rt.lIlI. htendJ.rf; tt. ep_ lJ,alt
.nab1.1ehod in the ... ban <U"tr-l.et t<> iJle<rpo..U the euburban dietrkt
"
<=_1oI.....UOft or .c1......t ..... coat ...!.
_ .......rcll Oft the :LnrL-n:& or • __nisaUoa .... t ......led
opec. U Dltd«l 111 oN'" "" aacert..t.1n ant.. for utab1.11l1>lll ...._
able ~ ..forc_ble .0<1 WDa. n. u t.4ido _ed Uano .Il the
CIJI'OIl ~. 111 t.II. nral ........,e ..ol>ft'a1lr .....,..bl.. In.u~
aal ..,rtIa1l ..... ape'" u..mu ON, 1111.00 alIT c.o•• 1.00 1- and. ~
_ ~t'" &ceord11lC 1.0 &CtlllJ. con<UUo... ,-"". o&Idnf.. c.. toarU"
1&_bicUq; dth... rl.o1l.t.« 1dU,-. "7 p-eahr a_a ot C'dll Ill"
...."'d<>~.
s... clJJt1 U, ... 1molftd in c ~ \II. locaUo,,", O1lUoi<lC
the Lo.f.,..,tU et widell Rudi to b. pwf.....d. Stllr:l1.itea
bod "" b. III thifl. r_aol>lb1. ,Ha~. <>L Lo.fa~t •• CarTJ' a\lftici.at
tnfflo ., u "" ~1t. the eollicUon of d.l.tf,. and b. of .uch tur.
tmt c_l..... <>I dlUo.I.tIod .....t.e bet..... the louUo,,", srl.olt.rU.J' ....
n.<:t.d \II.~ •• it "1, of d.l.M. d...u..p.at of w.r1 ..."" t1l'CA,
... th.r tba/J. d1fferenc.. d .. to othe (&UO... I .",,11 •• _wd .pot.d l.1a1u.
IJlsr-ct. Il1&'>cls, .I.e. n-....t th. to:U-1It; .....1dT_e<:t.c ..re
_.d ttl ... Mlooetion of. ~-, -..JrOUhil& .n '"*" .rM .......loq; ..10:11
.....100. of.pHd. etlllioo. -... potrfbr...s w:iUtln the aaburt>o.n r.po",
1. n-~ lad "" b... atrailbt .nd le..cl •• poselbl- .0 IS
to b.elllt.et.e the rlal>l.l perc~Uoa of the IIUburba.D eo ...u
... the ..-boo ......
2. n- ,.,.t.d .pe.d llA1t.o lad to b bl•••nd the llA1U
prderablJ' .pt.e.d 1t1 C"*d...Ut d oi.. o>r<t....
). 110 .ol&nol••• t<Jp oil" .... <Jthw- od.gl' whicb a1&l>t 1-.,.• ...,
adnn••ff... t _ \h. ape.d pt.tte..... lIooIJd b. sr .
4. The ..._id. dc'folor-.....hoold be pr 1 tlJ' of t..Jpo
0.. __ rj .....ldent1ol. c~l. <Jr W trl&l.
e-W.wo1* ...ec_teum:.... d_ "" rtn1 edoq<llllU louU.....
flQI11l.lIr& VI ••bo_ ~_lIt..I ..... onl.r. r_ co'eld .otlYllr be
r...s 04.111 a r_..bl. clI.e'\.mI;. of t.rer-tt.e.
'ftIII tJPN <11 .ehkl. -.I.... co...1d. Uon ..... p ...,;... ""
ea1J' b_......~ Ie p"l.ar~ bee """n .pe df,1.It. obtaW<l
r. the .. "ohJcl_. 7\ru.......... a1~. \h. _jar paTt ..r tha .t.!dr ....
ee.:.....o with clwlll.. 'p_ l1a1U _ th. atlMl;J ..r Ul. attcte or
the .. alla...U_. _ tho>1a&ht t.d ttl be p ..... to tIM .....1ll_...r til.
_1.. Cla..it:l.co.U..n -. til.. do"" W .. ltIcel ".tL1clall erd _
l~al "ohJcl•• til. Jbr_r 1_.-.l1¥ d.r.u.d .. "ehk1e'. ~.t..-.d 111
taIIJ&...noI e""7'1q; the p".ra lett.... ".1&I>ed to the untr.1ll 'llhkh
the .tll47 •• perl'o..-d. fel>l.6.too. u.. derWt10nl to clauLt7
til....ri.....thl..1... A tl..n or .tet..-..d cere into ...... l.oeo.l
.noI _ I'IDI'-ltIcll1 &J"'I'IP lder nc.....,. bc r th. , ...... t
_ .... ot tripe br .tet_d l'trd th1<=l... ""1<=h til 1&..1-
rled .. 1.....1 In flppc""... COllJlt7••har. the _jar pert .. t the .t.o>d,J
......rrled c»,t.. Alt.h..~ ..... qu...Uon e<>lI1<I b. rd.-lid al>o..t tha IU:_
.......7 tit the ..1,.o ..1.I1..aU= or .ehJ.ele• ..t t7P" ) 1n Tabla 6 tile nllllb ....
at ..tlleb. ill that VOI1P le al1!l.tenUillr ..Uer c.-pered t .. thot 111
oth groupe, hone. u"'il1I: little or no Inn.........n the Ural ......l11t.
A~ iIltri U pr..b1_ w.. the elenH1<=.Uon ..r ""....ltIc.l .thid..
_ ""' t .... b7 Plr_ .tad.""•. SUlullr. u.•• "eM<:les .bould
be cleo.a1tled local in fipp...."". c"""tr bllt to .""rata ·t.....• _
1aal .ellk:h. r..- ...." ·r.be· OIl too ditt:l. ....U • ""'II: to p_
r-. _ ......!ftc. Ula .t~ ple.. 1 to b. cerriad -. -.1tl1.7
-111I til••_r _die the "'~ ......... 01 Plrdao .~a ... r.-
..... II ' .....11. Tho .......n t_ tbt.o COf£.... at>o.& l.oeo.l.uol _
:a-l "*kla elue1t:l. ..aUon 1/1. Tlppa_ c_r'" u.. .tr..t.-...1
TUU 6
CLASSlrICATlDI or '1!11ICU.3
La-.1 'eMo.a. IOll-loelt.l 'eMo.a.
1. ladh......bl.cl.. u.1TJiJa 1- I..u.....OIh1.cl. CU'r')'1rI;
pNtix au.... ud81d Il\oo F.tix hU.... nat ••&181d
.c:l;J:l.al cous,.. UuI .e~..l eOllll.~".
,. ItdiIl>a .uta ... ...tLiel. ,. Wl.t.tl& .u.~ ....d ..eb1<:1.
'IIhloeb ndd..,u .. _II 1IIUell eoll1d nat h traeood
to b. tbo ..,tu.l e ......tT. u ....id_ 1tl. tha &eta].
c_,..
,. WiaI>a .O/UC1. cUT71rc ,. 1tld1&II...0Ih1.c1.~
d-.l..- plo. '-"-. ..t_ ....no plo.'-...et........
daabUll.T plat•••,." .alla..
•~W pIaU..
1. o.t or .taU ...t.1.cI••
•u ....tJ.o<. or .1&11 COftliU.... od&to~ "" driura _ tulliA..
to th • .,d..-t. A t.lUA.. dti _T tlc:. a a<dd ell_. or a
pra.d. l¥ ~IJ.~ .peed l.1a1~ h aIart a ..... utltaailia ..
dri penal... the ~Wod ...ed llall. llloo azlT _ .. _ed llait.
~ord1~lt.
tIle....r..... at all loealJ._ ...cd .WIll....... al... pel'ro...d dlri'll
~t boora. It •• boillll.tId IJIet1' .Wl.u el.a..1ticatlon <>! the
Ilft • .....-.1 prtltaU.17 .......,. d1eelo..d it to b. eo dl/rieult Ulet u.•
.....c:7 or til. 111&1& .tlld1e. &1Q1t b. d1epl:t.tId. the ...or...,... th_
UoI1.t~ ",,",t. on \h '""I'Y u .... ""kl.. t.d ld.Ule .. 110
1.I4lIt 1U_1..Ua. tIM lli pl.u 0.. \1\. Ulht .... 1tI ..eh • bed
eoal.1J.l.o" t.I'II.t it ... 1IIpouible to r.d tbe lli_. p1t.te. pel"tie..arlT
...... \1\. "I"eIl. •• hill. Accc.-dlllllT.... cl..u<l1f1eo.Uon ... do"" dllI"1"1
Id&11. bo<r••
0l>lJ' tn. = ~ u,J"O<I&b ..ob1cb........."""d~... !r_rlnr;
'tfhkle Iarlnr; be.. d.!1nod tor \h. pw_. o! "'i.e n,,~ ....... wt-.
~eed .... """ .rr..,t.ed br """ ~.u.", ...a...,' o.t <othor ""kl.e.. 1tI
it.. petti. I" aceordao::. llith u,i.e d,!WU"", o>G1,J UI. 1Md ..oIt1ele 1Jl
• p1t.toon ... r..,c.-dod. 1'be _1 n l_ ,llooable ho..dwer nor r ..."".u:.:;
... ,boIL !lY. ''''0''1.1 On , t., la ... !>4tn..r (49) b\lt .!J#ltl.7 hll .....
• !o..... la .. hill"7, ....rl 1J. ottentL... tad to b.. JllII&. br the r ...
"","d.r ! to IU. ,*,.u,..r c.- """ • pe..1,. "ellkle .u !re....
_11l1:. P ~ " ..lele. on .. t .. lana Il1&h_,...-d veld"lu t=1'l1r6
orr tho I\1£l'IlIa7 a!t.r pe..~ U,e .po. r .......d1tIc .. tat10n 1dl.h1Jl. <11._
tan". of 'ha' .,.'ion ..1"h ..... de_d to !w.Y....rrac'. the "peed war..
n<I\. ......,.. ded. Iloreoy.r, .Ire. UI •• t"diu w.r.. p !or....d 1Jl til.. "".....
'l'ic1n1'7 o! .....b&n ...... '1tdte .. !_ pollia "ar po'I"OUrc UlI h4h-
~. IlI1tllar tho.. "ar...... Wl7 "thkl 1Jl UI. !,..,lIt of 1n till r.r
of u..a ..... r..,orded (18). R......er. in aU .... ille ,,,-
~ r..,orded Are' !.b. "01_ of ",.hicla. "'''11\& ,hot qoe IIr..
_ ."tion o! pel'1.1"lIler 15.....t. th1e .,1_ I.b.. oonal..~ o!
""'kle ",ed •• r_ded .ad "otL1cJ..........pHd ... rll>t ....
___ ta u.. l .._ .. _t~ aw•.
b 0"" fa ........ tba _ of "...able. 40" .... lollKWod
_ H 7*' 0111.7 ..nd, .. tv lbb...t tba ._ U- _h c1ar·
•
10 ~t ._s- c&rTie4 o.a. oa Fr1.", b..,.,,, •• u... cm....,t..,lsUc•
..r t ....ftl til lL1tt!t••' 0iir;n1t1canU.J' 41ttar-.,L r..- ..LIwr ...~ •
..r1J.ctOlarl., 4lar 1tC u. .-.. .,,,1:I:Ia (46).
Dol.-. cou.cUon I.OOl< plac. olllJ' "",." th...,._tIt. <lrJ'.1'I4
opl.t- '~'"Ph-ric con41U.......be.......r r"C or ta 1lI".ed. •
.I. Jr&lia1arJ' '''''4J'.'' pcolbra<l 4-.lJ.rr; dth U. .rh.:t. _ U\tI
,pu4 .... 4r7 _ .-t. P'''- 1.0 \est .ther a U&llt rat..tall d<lr1rc
a 'p'e4 "'"7 _<l1d .rret UI• ..-lh &1pdl'1c.lt.lr. T'- .tu4J' cl:b-
<1.... tII.t • llt;tIt ..aWall did not arret the .pu4 lI1p1!kantlr in
....,lJ.Srt.; • l.1dIt ~1 wu det1ftt4 .........10;1, qt.t"" U......f.c.
s:n.~but IICllt .0 _"f _t th••1rdIhia1dW1f1C"1 tad to op_t••
~.., • u;.t ..atotall.t n1#It c..............ucUo... in "'..... ...tn1J' due to
tlor. l'r<a r.n.ct .... US-" 0" u.. wet pay_lit. nu. N. allo b_
ro. in 1n,...t1&.Uo.. bJ' oUlar aut.hozo. (}7. 61). II ...... u.••<tutJ.
.tld,. .... not 1nt...,4. "" inn.t!&.h thh ..ttv 1tl 4e1.&1l; _rlOlJ' to
obt.&1tl • __ 1nforwUon 1n ord..r to j ..ur,. _ther or not. .." alr...<t.r
WUato<l .... ,..,. oholLld .a4.... tn cu. o.r r&1n.
T'- .t"""' .... prlnc1p'llr a ..""lat.... w:1th th. tnbol>td !L......r
tnrfk t rdI _ ...1>&" er. altboqi;b u.. vutbc>l>td n_ •• par-t1.allr
.t...4l.d in a1b""",,.r•• W1t.h,.....,. faw ucept.1o.. , at. ttl. _
........... _ ... n.oUOll. da,. _ lI1&ht. .tu411o. """.. plac. the ,..,..,
_ d'J'. I" , .tto"" .v••1.I<t w4, to> dI.ck th••pote4s
-.u._lr.t _ .""U_ 011 ,,"" ._ 7. __• ,rat .....-
_ ... -. K ;ll.d bc&.... 01" th. 1&:0& or .""u.--.....
"
~ aua _. cordlEt'" in 0..:_... 1958 ~ th. l1,..t _lith. or
1959. !til aetoao.l colleU.... or apMd data tool< pIa",. r.- Ku-eh th""'ll>
....._ ... 19S9 CU, 1lAirt..,.."pud wd:l.r ........,.. t Ilt..T~s~
t..bw. 'u\<ICet.II... _ Jl.500 _a_a ..""1m cbK_ 1D.
Tho -.rT&rlL. to<" .elocti~ It~ l"".U"no. pr"'l_~ aention.....
OIlI'*C& 17. lWtod tho .....,... or lIIab1. dt... altl>olll!:h &1 ....boon
UN' ..... 1I1.1t.... OnlJ'a fft or u.....Ud1ed the a.nL. Ipocl-
tS.d. Tho lo11..1'"6 l.oe.U".. wilt's uJ.ecW<!, the ph,rIlcal dat.<o or .... ich
us d ill Table 7. ncu.... 1 a'-"' the the locaUono on .....d _p
ot lnlll. .
TAllll: 7
t.o.:..Uoa Uri>&n ...... -- .o.wCl&Ch to "'"'U~ ""til. tlrWoa Ar-. or StUll,., , ..t t.ta7Uu u.s. S2 Il",.th -- -,"'"W..rthbollld




















































































































































































































































































































































































































































































































































































































































































































































































































































UId 11'1 aD _t <t1...ctI.>. u.... 1,600 t_. hew...
Bille ' I<I&ot _ f1ll"'''T Drl.... Ula... 1.1 • .3 poor c.,t vade, cm_rd
111 \M --''oo..a 41l'_U..... At lorUlr1d,r;. Drift aid at u.. fidd.ho••
.......... t., c __ cUl. 1.lXXl fOOl. and 400 toot. ftd.U. r..pcUnl".
It Sa qll1t.. <l>'I'1_ u..t the 1&t~ c riU .treet _ apee .0_
1Lid..&bl7. AC__dlt&l.1. 1IO .tadJ. ea....Sad olK. b.,..m tll:la c.......
.....Y<lr. abooll. JJO rut b.,..m dI. c 1.1 • a1&_llied 14....ee\1""
~b 18 llClt ...wible bet..... aft.er!q; Ute c ...._. At! urial. plIo\OpoapIt
of tbe n.1ra t.eoot. ..... 101 lItI.-.. on P'1cura 2.
MUU,,!! II.
Stat. load IoJ ~..-ll.eb tile :tabub !U" at tt. .... l"l.1> awrwd>
or 'I.." l£t.,,·Ua. n.. lAck of dhU.",t.1u 'k l.o~& &1on& U.a h1D'-
_,. in the tl...,. ...1.1.,. b no't...."rt~. B....".. 01 toopogap"J' and It...
'l\Iw«. noo,l1rc 01>11 • r... ho"".. are actual1J' I1tIlaU<! alOT1:alda the
b~"7' TIle atucl;r ucUon eClOlpl'hed 0'00111. ~ -.lh_ or len«\J'l. The r.,.d
oddUl 1.0 3) c.et. Speeel llaita are udpd and 1",,11.0:10. ~•• 40, ard
• XI aile pet ho.... IlON. tho ~ a1le pet t>o.... 10'" to aboUt. J Idles
_. t.ho liJ a1le per hour a"'" e~...thdJ' Ihort, )00 t ..t. ani the
)0 aU_ ".. hove....._t 500 tMt. A ........hl> 600 toot. radJ.WI
ta.lloa ~dJaulJ b~rd the UJ an. P" how a1p 111 tt. inbo..,.:l
41....etiDn.
Jeat,Uog Ii.
TN a-..tl&ll d...~....1.oqI; u.....db .pp.-eh or U.S. JS 1.1&0
.....p<If"t ClI....U Jrt.rilY of .......-1<l ..tl.o.l d~'" _ tM ...t
..... -.I _ U.e ..." ald•• et.oek JOlN, • e.o.lCl..n.. an:I • a1ldII.t...... .,ll
_ •• eCIIIIiaWU.... of l.JIl,..U1&l.nIl e~l d..~.
26
--_ ......_.





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1l,I.TJ. !l!LllUl '!O sr=~ ST.l.TIllIIS
~.~1000
......_,
l>1rocU.... S....... L1II1t "cur' Iie>.
StatJ."" 10. Sip CbleUd
• , ,...... ,,,,' '. ), • '" '. )) • '" '. ), • '" '. ), • '" '. ), • " '. ), • )0 '. ,II "'...... '" '. ," • '" '. ," • " '. ," • )0 '. ,• , """..... " ,, • '''' ,) • '" ,, • '" ,, • '" ,, • )0 -, , "..,..... " ,, • '" ,) • )0 ,, , "..,..... " ,, • . '''' ,) • '" ,, • )0 ,
• , ,....... "" ,, • '" •) • )0 •
rl... ,t.f,Uon Il6 e<a>J.d not h Itgdiad. H....,. ".... U'1>e1.1011 -.1~t..
_""1.., .IlD4 s .... _r I...,wr. e .... rilloaud to .. l....-al r_eU""















































ill .~ed dot.a tor tlla atUliT ..,.. Clbt.&u.d 1>7 u.. .... or aft
!1act.ro-lllloUC S]><MCI~'" po_..-I b,. .. 12 'fOlt aot.c.oblli at.or-qa b.o~
!.err. tM. _te.. bel_eo!. to th_ J.,1al. 1U1tr-,. Ita..rdl ""'J""t.
the ..&Ciar _t... o¢U1>: .... the Doppl.,... .rt""" 1.0 au.... & apeto<b.
ladio 01: comtoad. t~1 aN br'06&an 1>7 u.. "....-it"......
roed in .. cone .,...~d _ aboat. 4D deV." rid•. -.en ...nected
f1"<:- .. _11& object u.......... eN.l\t& r .._ ,. 1.D propol"t.1Of1 to u..
CMp> or .pteo!. in U.a d1nct.ion of the fbo 41tt_.... 1ft
rr.q ,. b-" the t ....a1tted .'O. alld the ea..cted !>ad,
to the IlnH 1nd potential that 1<1 ..ad on tile Wl,eat.or, .. ""H-
_t.....Ub..ated in aq,..hltJ... t lli1u per hDIlI".
tbo erl"'''h '1!. of the ..U .. 1 ttl> it. Might abeT.
tM .. ,.dWllJ'. the opU- he1g,.t b&1'11 .tIoot t""" r..t. In order too
ach.UIn t~ '-liM and t.dlltate .WIll!. the wt aU ...~ aup-
plrtlld. Oft. tfIIOIl...tool IIh.I<:h -.. l ....uc 1>7 ...... of at.&l<ooa 1&1d
n"t b_lJ> the lep (rip. 9). H""'....... at ._ location the .....it,
.4 to be aM. 1tl .. ll1#Iu _tUon••~t<l17 S tHl. .t>cw. the
~. b.,.... ot lb••• of an artHie1&l _11 1>0>: in W1kh tM unit
.. ia.n..d <n.... 10). On tI:. <>thor t.IlII, at .. r .. ~Uo.. tt.
_ ... aM. .. or>1.J' loS tNt- abon the lro_. -n.. _111 .......... for
Udt ..ut.aUoa 01/ ~l~loa ..~~ •• u.. ulJ.~t.. ..c_l~,. tJL
DRIVER'S 'IIEW
ItECOItOlltG SKIED





RADAR SPEED METER SETUP
a "',,~, .-- '"~ -
~
"
_-..l1q: the eq.o.t_rt. u... a...1d~ ..... p1clOf1 ai'll ~urlodt1 ..tUeh
JII&I& tau u.,.ood • ddJl>.... te re<kleU.on or the U'u~d ape-.:1. Teat
... -.::L\h • I'W'd... ""kh equipped with. e&l.ibrahcl .~te.. , tn..
~\'1d~ ·t....• aJ>ft<b. 1n11<::at-.l "" a1I:nlt1car:t dill.......,. betwe...
.. t ......~od and the .t... ret;!.at.flrod apMcl d". to U.a ..r1aUona iD
~ poallJ._ or the ....a. at. l ......t tar IJI, acto>&l &p"ed rUll!:&, ;0
to 10 .u..a ph" hour.
TIll .ole.- ...&1.t.... u.. apeod or U.a • .,1<:101, l.n lM b_. t .....el-
1q; cu.,. 1.oI»IuU or • ..,. fro' the wdt.. to an .ce ,. of _ to tIIo
.un ~ />air. _ ...... mn::. the rvca of U.a b ra.- poUen&"'" ca,..
ill onlJ' about. 100 to lSO r~. depen<:li,. _n U.a at.ra"&l-h or the 1-
pa,Loa, c~l" er.......' ar1.er SAo U.a lrd1cat-.l. ....dill: (75).
Waur ....41'"6••a..a aerected II,. U.a lat.ar&l """lt1on or the unit
bct.\lu of !.he n..,..o1t7 or uttil1!: the .. t back r ..... the p rt.
odie 1n orda.. to a1nt.1u .-.,. arrect no p (fl •• -.1ghl. t., .. on t Hi<:
.pp.....llirs til. c",,~.....l .tation. The b"', th.ur...... ""<I to ba anglO<!
1lIt<> the tr.ttk: nr.... ..... a ....8U..1t. the In11cator .._d1rlla ..apr..-
..lItod onlJ' • c~nent of the 1"'0 TehL:h ,,,,.cia. P\lrtMraore. po..-
• ..,... UTa in U.a 1.1" 1& uL1 ba -.::LUlln rani' o~ ..ill, 1rt.a..nct.-
iIw; til. b_ u .• c...........U lr l&r&••rcla. 0.. to u.. tact that t",
_11> ~rt at ttu. .tuo!.T w•• Cotl:..-ne<I with. tOUl" la.....ad••orth.....t ....
1.__ in ....t. trot.,wth. ltdianl. _eW p..-e."tlOll1 bo<1 t.o b. t.ak..
,....u,. u.. .ee....er ot the r.pat...-.l .,.0Ic1 ot can in til. inn... la....
A.u.-Ucal rwUOD&ldp at the 1.... t1on of til. raew- 1Onit.
...... ....-et to til.~ ..." _.-1 ani .,1eh t. c__1a.-1 or t_


























































































































































































































































































































































































































































































































































































































































































































































































SI"EEO (1I1t01l I,. lIIPH
'.1 " I.' " •.," "
•••• .. " •• •• ••• •• •• " "• •• ••• ••• •• ,
• .. .. ,•• •u ••• •• " •• " •• ••• u• •• •• " " ••••
" "
ANGU WITH ROAO EOGf
POSITION OF RADAR SPEED METER
ot ."'.- O.S aUo per ....... the W'I1t _r oo$Yanwgeo... LT bo placed 31
t_ ".. 1.ho rood .seo ol'd .. ngl.iId abo~ 7 dqre.. "Uh tno rood q ...
In ,«<r<I&tJoo tilth r1t;UrO 11. .In.1 c_1n&t1on or d.1ou..,o end '''&1e
abq; U>a 24 toot Una bel.. u,u po~ b aao appropriate ..nI ..... ll1u
in a s;>eed IlITOr au !han UI .. pres_d O. S all. pet" '-'. f:r;acU, tho
_ ..-lI. 1a Gbutr.d 1t ... .a.c.u to record .,....eI 1n bot.h dir""t1orul
.l.aol1u....OIIl$ 01>. 24 foot rid. rce.d. II> , &1. !h. clo~er the ndar
_t... 111 to the «1&' t'" len 1. the ~peed ror. Dar~ tllia ent1r•
• tud.1 !h.. r.dar lUlU. ... p1aced .ld COflCMled .. clon to tho .--d qe
.. practicel>le 1n order to ..,b.lltanttal.lr lla1t the arwol... error.
llet.or r ..~.........100 .rfected b7 UI. ct.rg. in Ut<o batteries.
IIore 1.h"" U". ""..... cuntl.-... ope.... t1Oft ......rticbnt to di~c""rge
the ba~t...l .. to tn. pain. "'or. th.., ..uld no lo,.er b. reliable.
$1tc.1.h. 10fll ... t contimaoua ope ....tion ""...n,lan«1 ror olll, t ....e.
ha.... _reupon the batteri.....re r""h...ged no errore d"" to dueherge
........ rcowt..red.
Test ....1'Ill .ith the I'w"due ,,""lel. equ.1pped with .. c&llbr..~ed
-ro_ur ..t ..peeds rrC. 31 to 10 .n. potr hoW', in inc:r .....h or
tOIlll1les per ha<r, ".re perr",..d ..t ~he I>e&iNU"I'1'd til.. end or the
~. Th.r. _. I'JO 1l1lication or ...". ditr...."". b~....... 1.h. r ..d1~...
...n"r bet..... 1.h. t.. t."t ...,,,,,at_ ""r b~._ 1.h. 1r<ll",hd ..nd t.ho
""- epo«1. "U'-gj'Itn. &~er t.d b_ ... «1 ror .. _ m boor .. bK_
Uoe1... t ..h .....l1.d>t dith:r...... of O.S l<> I all.. per how .... _
__ for til. 6O.Id 70 .u. per beor 1... t .... bl&. the dJ.!!1cu.lt,.
III a.t.aJ.t\lflI UI.... hialt • ...- _ur a1&/'&. pe.1"U&l.l,r ...plain tt..,_.
U 01. b.c1nn1.rC ot .....r,. singh .~." Itll<l7 • tun1llR tork _I
lllU1ac t..- til. elllbntlon ot tIM -.tlr. n.h tllnirc tork ..lbnted





























































































































































































































































































































































































































































































































































































































































































..... \0 be u.. ...to ......,..bl. in ..~bll""l,.; • ep*oG ~o... (UI. 66)
~~ 0.. <:if til.~.. or t.lIh ot\l<lr •• to nrU,. t.Ma. A~...
"'- plon.u _d. ard onlT .... U£Il". edd.,l. at. t~. A -.ailed
c_1.laU"" of U.e ur1.... dp. condiUo........ !band 1n "1'P"'ndiJ< A.
on. dr.. ~ of ..eh up'~ Ulen H<>d.1ed by apell4 .u..._nt. at ill
,",",Uo.. whlch..,uld be .rr"ned 107 it. 9,"""",, of U.e S...t .....er or
...ar_ri. al.O.t!.o.. an:! 81", con:l!U __....... UIlJorto,.t.d7 ""t
...tt1e1ent tlao to __ at"dl.1S at. ill U1e aU .. tor • .,u1 eh.o~. 1n a
.1&n eon41\1on. A C~l'I. 1" ...l.&n ,"",,:IiUon coNd.at_ or poot1rg an
&ddl.U......J. :II",; wl.UI one ueopUon. "" liiV'" ..... r_ed or chlnll:ed
an...- 0.... added. c...rdl:r. a .... 0Id at"d1." perfor_d .... or t"", d&p
bdore the p""t~ of & .. addiUona! dtn acMdllhd. A r.. d&~ .rur
_II "1&" •••r ..ted the ftr.t stud,. _de, an:! thor_tt.~ stlld_
1 CIOndl£t'" _~ in orda.. to dator-ire &nJ' _'ll. in .peed b,.
lap.. o! t~.
All d.,. n\OClllla In the inbound direction at locatiON A am B
.... perl'or_d Ion..." 1,)) p ••• a"" ).00 p •••• all ni",t nod1u be-
'- l(lO p.•. alii 10,15 p... In the outbowd. direction at location A.
dtoJ" .h.u... non u ....bd <Nt. b.t..... lD';x) •••• U'<I 11(10 ..... 110
JI1&IIt .tIId1....... _d. in thlo dir«UOII. no .. 1n th. 1nboWld dir«t1on
.. P'ridaT ni&ht. b or nnniolll 111 tra.-..l chonctoorbU.a (46).
&ce..d1"1l1.... at.tl<ll. a>n:!lEte<l St.t......,.. .nd~.
At tM otho .. locaUo.. , C. D, .nd E. tho U.. or ot..t]" nrilOd
_.".t d_ to tr'a'O'e,l U.- !'roc tatl.,.etto. _ ........ at illl<>c.Uo....
..-.s ~a ...... Uk... dllrlq; of!-pM.Ir "",1_ how's. no. lllldI....
~ tIS. =.~ ,...hklo. d....~ pull: """-" t.-.ru" 10 -n. psn.1cul lT
"
OIl t .. la... 111#1_1', H loution.l B til","'" II trart1<: ..... 0'111 ~h.d..<1
11> the irboW"d 4l....,Uon.
5eqral att_l.oI ..... ade to r.d the lie_a ~t.u dllrlrf: the
flill>l blL ..<1 to t>e ct.racurlud u .. t.U.... bea.... or It1Odequ.te ....
lull of tlllMl1.. uon or the plat.e5 on an IlMXJ'Kteen,. hi&!> perc.nUt"
or .... idea. __t"o the ¥ilH'l.lilJ decr••«1 nptd1J' -at.h l.1'lC...uiql;
opted or 1Il& pudIC 'fod\le:las.
Tho t<ltal"...,.. of pauUIf;er Yeh1<:la, e:w.u1t'1.-llnto l<>eal
am _Local fth1<:l.. dllr1r« d.arll!!t>t. ~sdn& ~h .peed _ ....._nt
ol.&Uon ..._~ eoe",ed aid .11'>'1<1ed 1«<.0 t .. p ....'l'•• 0"" eootpria-
l~ tt- "",k1.. tor whkh ,peed _. chocked eld 1.11. otller co..,..l..oirf;
u... ".. le1.. "'kh. tor r101l1!1 realona. eOl>1d no\. b. elleeD4. '''''kIn
or the latter l7Pe .e..e thu bnld,.;. wrn1~. po.ul.1'l!l or &01!'8 to
p... t...._ • ..eh .",un... and eONltqlOntl, could not. be reprded ao tree
_1!'8 .
..... proo1o,,"1y .."tio.. <1 l""al ..dl1l>l...e..o tlloeo "arryirt\. pr ....
U% letU" uat",,_d to t.lIo OOWlll 1n ehlch llIe lpeod Itwiy u •••rrle<l
...... f&bla 'J U.U the .. 1'1'00". tor t.hot \'&1'10\11 <:OWlth•.
oro...
Tho det.oo r_ded 0.... field t~lJ" ell.." ...........rked • .....,.-
rb-.l. NIl! t .....Iur«! to. lor" "p"1o~ dft1&ned to b"Wtau tho
t1rn n'P or th• • tatloUc.al l.f-lo, ..lcb ".....l ..d c&l"a4tl011 01
-.. .~. _<11.,. -s>eod. 85th """"ill tld. lSUI P"",,""tU. apetld •
...... <I11'1...d.101. l/) .u r __ ..U ,I .t.nd&!"d d~U_.
WtIliu._ cI .t.thUw t &inn ill A,p...,..u.x .... n.. .."old
t.l.!lLE 9
Lo...U"" -", hela..
• tlppec:&JPO -, .., ", '"• "'- -, .. , ", "", ~. ~, ", """" n, n, "
• ..... n, B
.t.op ... ru1~ dl .,ucw..tood. <lau. 1>7 ri .... 1n."1 ""~ r.ctO"l"8 in
t.t.bl,.. (Aw-Ida 5). Tt. t.h1rd .I'd l t. .top ••• Ul l1W1I or the
diU. 1n App..,dLo; 5 '07 ..-1,... d.1Yern .t.t.unlcd .tIlodi and l.,r.re""....
op1t. ..bed in Apperdix C. An W .. traUu eJ<.OJIPl. or U\a c-J,culaUono
11 allo ••rrled Ulrouil' in thi:o apperdl.x.
"
n. n.ld 4ata ..... p'ocesu<l ID Jiti.d -.l>-e ot .$1"" PO .....u ...
fa' _h .tation '0,. _ien c_~\1on. raid or e.tl.kle, end ..a. or
rtul$ (dar or l\1dlt l. Tho.. _ete au...... or r;.., et. ....c-
tori.Uu of u.. 1p*.cI dhtrlbtoUon: the _pdt"d. Ird the dape..non.
n. pora..ten 0/ _,,,It.udl • .,.. the .an lpeK. tile _o11an ( 50Ut
1I"f'C'IIlUlej apo.cl, aid the 15t.h .t.n<I 85th per<:lIlUU 111*", u. or
diaperdon .e... U.e ....u .... (ar .q....... or the ltard.rd ",...!aU ..n).
u,. .pe..:l din.r.RU.1 aid the po•••
51",. \.he .peed dHr.....rrt.lal ard, co.. "",""11. tho ow-rdar<!
4n1.Uon .e.e ellJlacted to b. ),o,rge.. in an arM. "'re a h.i£h epoo<l _.
ponUUA<! th"" in 0"," ....th • l.ooo•• "P• .cI &11.... .,1, the riJoe. $I.... ot eM
~b co..1It.-1 at an i", ...U,p;..Uon or t1le "-,....ity of U. .....,1·
....... 4ccorci1l"llJ', at.andard deY1&t.1.....ar. plotted ap.t,.t ..an
.- tor d&T and ni&bt __lUana. all''n 1n Pic..-. U &nd. 13.......
~t.1ft;1)'. Ii u e'l'1don. Ul.&t .. ,,..l,.o.Uo...hlp en.u be'l...... -...
...- _ .t.o.niard dnUU.,... beno::e If1d1.uUrl& heurOll-tt,. or Ute
...n&DII_. In an.lTl1tlS Ule d.aU I.be ew.UeUeal .UlOd. u..-.d ~...1J'-
"'- at ...,."" ..... (.ut)'A) ... lIUlhod. n.. rolloorite buie ,,"~t.1...
nktAd 1.0 1._ 4al.a u. co,..ct«l 1111.11 tIl1a _1.1104 and. ......... its ....
















3 • 5 6 1 8
Su'NOAll.O OfVIolnOM IN IiIPH
SCATTER DIAGRAM OF STANDARD DEVIATION
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:s .. !> • 1 •
STAND.IID DEYIUION 1M IIII"H
SCATTER DIAGRAM OF STANDARD DEVIATION
AND MEAN SPEED AT LOCATION A (NIGHT)
'0
_'. _ '--coda.Hc1t, (t>a-=>&_1t, ot -.rtane..). tlle C1brlo..
1lI& ..__1l1 ...1l1d U1.nt,zo. 1ndJ.""te • l.l.a1teUolI 1n u~U.h~ ~I>e
"'". altllall&b UI••tIlod U ullU..el., l,..fW1th. t.<I Ulb t.cl.O:l'
.~~..... to lIC.II.r ...... 0.:. _h><! to dWn.l..I> th. 1An..."". ot bo~........
.....UcH1 b ~l'IIIIt.,...Uall. whicl> b..1""1l7 _ ... <:0.......1011 ot
..., 01'11;1I>l101 .~ .paa<! -....._ ... to _ ••th..Uc:al tbrcU_
<I til. __ .opeld. dapardl,.; _ UI. Un! ot ..utlClflll\l.p u:bti~ be-
_ -.. 'pald. .n!.•tatd.... deor<..tion. than til. _1'0>11 proc:ad.a:re bo..
1.0 b. r",.tad; u.a t ..... t....".d op.1d. _~.....ra ""lcll1a~"".ndw\.th
lIle..... data .tlI1.)oah at ...riane. e&ll b. parl'o.-d.. "P""PIr t~·
t.,...tiOIl ... 1l1d be loprlUla at the .pa.....
Tlw .tIlod. j\llt d..eribad. is udio\ll ltd _.. IIGt ut.11h .... 1A tllU
""... rr- the t4 12 an! 1) three d1.Une~h. c1... tan ean ••.,.i17
be daU"&w,.... d ch 01\11 related to ona or ..rI d\l.ract... loti. apeed
_ ........,t ,tatia,.. CON.q...ntl,. the 4IlOVl .tlIco:l can b. utilized
tor .ll t.ct.,.., .rtactlng the 11"'.-1 at _eh 1n4l..1d 1 ....LIT_«<- Ita·
t1ool. It b quit. '*>rl..,., troD. the leatter dial:r t.hat tiler. is •
d~n.'nt dithra_in op bat...n til _«<- .taUo.... TlII
_ri.tioN b~...n .h. MU _«<- ,tatia,. lblUl1 to b. t.r .bon
\h. S F-r c.... Ill.CAit1u"". laftl.
I'rorldono e-td bon been .d. lbr tal<1tW ~"" _ • ...-... or
__.... lbr each dlO caoditia... t 1> 1ndJ.rl.h..1 .tati_ 1A c>r<lu
\to ~t1 \h. lft&l.7-u. i.e•• \he ._ of r",lli.ti_ p ..
..u. ~ l.at& ot ....odiUo,. and. .taU 'lid til. l.l.a1~1d.
-... <I \1_ r_irad ftria~ion In til. -... or rap1.l.c.-
•••tati on1J' Doa ....._It. .. We t .... _. Dt tl>a
"
fbo Ural ltep b to calculate the
-" l..oiplo>""'" aJ.t.n oon:l1UoNl. at other aw.UOM ....0.-..1 _ ....._mU
-. tok.. tor tho _ -ten eollditlon. Tho ...."". I'br tho auo.. u ••
_ to 4.-t_.. _tho,. ... ll<lt • !.apso o~ tiM~ UII.. UlJ' cM"lO
8\.o.tio....
~ec.o.. o! tile ""~ lUOber 0(; r ... l1 tlo.. per cill ..~
_til"" ..... <Od ID .... u.1o onlT .......opueoUon t.uo.ll,. ..... ear_
ut""r &"'""'1;0 .pe.-:l i
or !SUI. por<:s>Ule .peed.
'0>
IIt" ......er ~ ..",kl.. on whkh tho ..1... of It b bAled.
t ,,1, 2, •• " & ..epHut1ol11 p••aU
k ""","*,0" at colla
.ol&ht.-.:I nora,_, i, &J"'" tiT
f n. X-L ' ,
X
__ "·,'L _- t ';
n. _ord _Up 11 to cAl...1&to tho a.. c! aquarM. SS&. 1l1Ul1n an








lJu.. all .""....Uc or ••.-1"'\I~t1c calculator the toU_irt: u:;lru-





Tt- third n.., h to calculate t.hc !.Ou.1 ."'" or .~""nl. SSk. within
aU cello, pft" b)'
55' • L55g
k
D:bI<1:lrs SSlt 'II1th t.ll. "_ or the dlgrus or tned.. tor .ach cell an







!Ilt lb ..1.h .nd l....t nap in th~ p-oeed"... 4 l<l' e.l.cwh the ar...,..
.... • '1...... lI:!la, .1Ik1l crlmr11J' h .. eorr.eUon or .lIS\< bee..." or !.be
....tueUon or th. r..,Lk.U0f8 .Uhitl the cdlJo,
MSe -
ii 1a !.be la.-nle _an or aU the "1'" 1Cith.in til. c.u.. til. ".-rUe
..... d.n..d b,.
n -
In U.a JJ'or:!1A Ub~ (ue Appe1ll1:ll: C) tile erTOr _an a'!'>a'" 1.0 lilSa alii
the dagr... at t ....<lOIIII .... ,[ (8 - 1) •
•
Udq; th1a ... thod ",.., hu to b...r 1n .Ol1td the ,&noral rwUon-
.hlp b.h.... tlIa _tAman! dev:laUo" or the di.~ril>lIt.lon or ..."",1.- _no
and. the IUrd...d drdaUon of tho poplllaUon, datlnocl by
C1i -
•
't!oU laU_lI1p U continod .,1JIl;r "" the dlnrlbo£lon <>! __pl_
_ tlot dUtr1b~l.on or auple perc...tU•• the roll.oo<1~ rw-
U_lI1p _wh,
Kp •
... .. p .. r.....,uoo p or I"'rc.,tUa, 1•••• ,. = lOOp,
... _lute of 1(1;) ani. lp ..... &inti in Table 10.
CU!t!l!CiJal FJ,CroRS !'OR ~TIU:S
, l<'; ) , , ', ,
0." 0.3989 1.253 ""'"
O.7S o.nn 1.Jl,2 1.8S50
0." 0."" 1.~29 '"""",
o.es O.2});) 1.5)) 2.)501
"", O.17~ 1.710 2.0m
51
Aecordir«1.T. u,. sundllrd d.-n.t1on or tho duu'ibllt.le,," or til. 85th
poore..,tU. epee. a de£i....d by
... Ula afl.ho4 of eale.w.tiDl; the ...ror -.. .'1....... pr...lo..!J' 0\lL-


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SIMIA,!IT or STATISTICAL .o.NAlYSlS
"
St.IlUon l , SUUon A ,
""lree of VutaUon • '" " • '" "
Co<><l:I.Uon e (.) " " 1:$ " " "
h.\lola • "' '" " " " "
Idoeractlon ... " " " " " "
Con:ItUon c (t) "' " "' " " "".. , " " " , , "
tnt .....cUon ... " "' "' , " "
SUUon A 3 St.au...... /,




Cordill .... e(y) " " "
,
" "
VlObicl• • , , " , , "
InW'ra<:Uon ... " " " " " '"
Conti Uon cIt) " " " " " "".. , "' .. " " , "
Jnt....cU"'" ... " " " " " "
, Ifull lpe«l (.)
( ,) T1ae ... 1.1-1,0;
• rr..""ro.-! traction (u. ~,. S7)
S Sl,c;n1f1....nt c'-"II&& otI .. S per CWlt dan1n......... Inel
• ~1¢fle&nt ehl1lllo on .. S per coni, a1,sn1f1C&1lC& laY<l1
TA~I.~ II (conUlI\lId)
~Rr OF STATlS'!'ICAL "'MLYSIS
"
St&ticn A 5 StllUon A ,
So>r•• Dr '1.,laUen • '" " • "8$ "
Ccn<tit1on e(y) , " '" " " ::5
VSlk 1. • , , " " " "
Int ....cUon '" • '" " " ,', ,', :'5
~nd1tJ.on c(t) " " " ," " '3,0,,,. , I.'; ,- ~ " , "
!et.eTa.tion ." " " " " ,. "
S:..o.tion ... 7 St.>tion , II
50<1' •• or 7..,,1.0.:.10" • '" " , '" "
CclldHion c(y) " " " " '" "
7"*'..1<:1,0, • " " '" - - -
=~tl<>n ... " " " - - -
Ccni1Uon c{tl " "
,.
" " ",- , " " " - - -
lr.u""cU.... ." " " " - - -
St.&l.1on A. ~ SUlUon :. "5.>lrce or ...... 1&Uon • '" •
,
'" "
Cordition • " " "
, , ,
1'AiltE U (CQnllnutd)
SUl'l:ARt Of S1'~!HT1C.u. I.IlI.1.T;>IS
Stall..., .\ "So...c. of Tarlall_ • '" "
CondiUon 0 ~ "
,.,
t.oc.ll0n0 C, D, .~ ,
Sotrc. of "a~hUon • '" "
L<>c:allon L(.) , , ,
Condl.t.1on c(.) , , ,
hh1<::h • , , ,
IntnaHion e .. , , ,
Interacllon e .. "' '"
,
Interacllon 0 .. ~ I;S ,
Location L(t)
, , ,
Co",nUon c(~) , , ,




Int.....ctian e .. , , ,
lnt""'cUon 0 .. "'
, ~
TM ralllt.o obl.a1r*d by U.e st.&U.Ueal .... lp!..o ...... ~rioln,.
o¢ll/'lOd in 't..ble il, .h.-I,...; s1sn1fi.,....~ not ..1tJline.or;t d1f~ft"en<:u
~_ ..U tt1 .. ur~ tact.cl<"s l"...a!-lIIl .orO df:t.al1..d ..nall"h at
:he .--11.11 rar ueh Ip"ed _ • ......-~ IWUon .-w b. 1t1Yerl in thi5
c!II~er.
Or.- very l..oIf>art.a... ;>01 ... >dll b. It~tllll hr..... tn. det..o.ued
.. rall"h. T'" .......b..""e at "p"eel lWt 01&7" 1" V.I d...el.O?ed .r...
ot 10"'Uo" ....!'t..r tho reea""tl"\lC~lanor the hlith_, <lid not .,.ta~lbh
an e~""rlllli1 .poeel p>ttern.
Tho ' ..... u1 rulUt or pcst11l: sp"ed lWu on Lhe 65th parcentlle
opeed ..re 8IIe-n In n&w"u lor. - 17 Cor 1""..1 "ehiel .. , ""n-10<:<l1 vehI-
d .. , d.:>.r or<! n1<:ht eOndIt1ona, rUp"HIvllly. h ...y bo ""ted that Lho
speeds or 10ca.1 vehlel.. (fIgure 1~) ..re .11!1>Llr hlft,er ..!'ter U.e ;>oat-
lll1!: or tJ'I••1&.... Part or the entire r ..ecn mar b. roual in the r..,..-al
or .n """ert.al"tr .be......hat .poed Halt .ew..lly ""ute<! ..lo~ thlJl
Jl'rUeu1&r lliD>-r. On L~.. atJ'l.r !<Ind, "".,..101;at dl'1un ......ed t.c ad-
Jut their .pow.. d\c1ltly ct...r to tJ'Ie ..tved ocr.dIUon (rit;ure 15).
~arl.", ~r and nld>t cord1t1ona a __t <:lOUI" adJt-~ ... a.._
'"' h r.dhed d\rll1t n1d:', at leut tel" .,.,ed 1.I..1t.o;'o &1les,.,1"
..... on! abcore. 1'- tl"uel-.:l 65th per<:~tU. apeod 10 h.1&h&r Ulan tJ'Ia
...... a..-.:I lWU at aU ItaUc", a""ept rar ... 1, _n the "s;>eed
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" " .. .. •• " .. "51'££0 MEASUREMENT STAltON
85TH PERCENTILE SPEED BEFORE AND AFTER























~.. .', ., •• .. .. ..
SPEED ..EIlSUR(N(NT STAnON
85TH PERCENTILE SPEED BEFORE AND AFTER
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" ., .. .. .. .. .,
SPEED MEASURUlENT STATIO"
85TH PERCENTILE SPEED BEFORE AND AFTER
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" ., ., " •• .. .. "
SPEED ,.EASUREIolENl STATION
85TH PERCENTILE SPEED BEFORE AND AFTER

























































































































































































































































































































































































































































































































































































































































••Fd .. /,D Ida p.. l'lo<r _td lWt. Uth0"ll" Ulb nation .........."
.... col& ... 1 at.&UOlI ..are -ek1J' 'Ul"ve1" .en conducted. no dplH1c;am.
..........._oed due to a1&n condiUon. 1I"....1"...1 ..ehiclu traveled
,..U bl.7 ra.hr tho.n local ki.... _ ....r. no <lit! _. faun!
b.t. dlo7 and ~t. 8et. ftl .tatlo.... A) and'" 4 tho Us .. c~.-
_lJ< .."e<l b7 a.1\oo1 ddldr.. :>.t .....l.a1ll t~ d.... I" the Gay_ ... pan1_
etOlar otu4y HeM. ......-u.- (1) <1.1",,1... 10<1 Ut<>t WI. nnleles aJ.&nl!1-
Ul&l.7 l'«I ed their epeed >tim c!U.ldnn eere Jr_ont, but. not. ot..~~n .
.u. natlon ) .. _<ilk apo-ed l.l.a1t al.Ql. ~SP!!:l LDlfi' 25 l:I'lI .~
ClIIUl~' PRES!J>T" ..... placed. Spe<cl sw<Uea at at. tian ) rlOCONe<I
no .~ ... In tra ..eJ..d .peed, probabl.7 due to U.a het U t :he CIi:> • .-l.Il
Is barel, vi.tbla f",,, the al.gn. !lui. the 14e~ or .t.nte In.~ also
1ncIil:atea no r~.et tor the .Ign by luel!.
StaUon A 4
~(lfl-loc.l .. <hl.eloo......till tr3ve~ algnifi••"U, tuter Ula"
l<X:al ono" -.cI.tllln tho 40 mUe per h~ speed .0..0..... ~nitlcAm. change
In U.......n _!"led because or p<lllUrc the .111" "". recorded b~ .urprb-
lrglr In t.~. oppoelte d1ro<:Uon. The ....,n .p"l<I ..... Il1&hor .ner than
~rlor l.O Ille ~t1 ... of e .peed IlJll.1t. A n<>t1c".blAl c:lUh..."" .. bet.... en
<l&r &I'lc:! ~t 85th percentil... peed _. abo c:ll.cl... ed at thu .t.~ti"".
St,tto~ A S
Aner poati", I.l>& IIJ .o:.lle ....r ho.r ail&ec:I a"lt Ill••"" apeec:l
_. dCnif1c'tt.lr M.ci'lor bllt _. L~e 85t.~ percentile .ptec:l. r.on-locU
~.1o~u ulll t ...Y&1ec:1 conrlc:lersblJ' faster til." 10<:&1 on....
• 40" A 6


































































































































































































































































































































































































































































































































































































































































































































































































































' ...err,cu Vehicle. " ... )0",
W..n Sp".-l. )).91 34.)1
~u, p...,.,t.u.. '''G ,..U Jll.49
:spe.:l Dirr.....Uu . 9.09 8.47
l!) "Ph 'eee ...'ft ".."
, ... C~ 1n Pau 11. .6 ,. .•
Standard. ~l.a t10f1 '.70 ,.<6
Per Cen. of 'J..lel..
•""...utI: the 5p..d UaU
by 5 apl> or DOra ".1 )7.e
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Ipeclt1callt ~o lpeed <l.ot.&.
C.leu\t!t1on of Error lI.... n S<>Wlra
The 1l1ul~ratiY. _plio ';'o...n d....b with th' .J.&n1r1CI"". t ...t
<II the B5th 1"'n,;.,UlIo Ip.OId. .t .taUon A~. T.llle 15 .h... th. B5th
1"'rc:....tll. Ip"",," r"", ...d<t<l for Ylrlo", w1g1 cor<l1UoIW 111 yellicla t",,-
lor. Th1& 1& • ca.. with u.r •• r",u.:.t1oIW In 0.. c.u .nd ono 111 Ule
~..t~. u.. tlr.. oeaa........nL. ~we I.<> II. conyertad 1,,1.<> _ 111
atallll.1rc • -.i.ted uer&i:.. Th. p""'ed.... 10 odoU...d 1n 1.1110 lli .
.,. d.fin1t1on the ...1,9It0ld. _n 1&
T.0.9U 15
85TH PMCnlnU; S!'f:ID AT STATIOII " 4
" "
, , , 7
" Yl.U ",en u.'" u.so
u.)2
"'.M





c.u.cuu11011 01' 1I"'..IG!1'I'Jl W4Jl AHtI :!1m' or





" u.'" 3,);12.20 lJIl.OJl.9600.. 41·32 J.BOl.lA lS7.0n.5006
UD "'.M 4,474.80 182.0)l..86I.D
.., 11. S7lI.4Il 477,11. 2. 32:1oS
"7
1A915 16 (e<>nU...d.)
C.uetlUTlDII or ll!IaI1!D llUlf Atlll .sw or
SO'3lA!I!S POll ll:!PUc',tm IMfA
.,
.. '. ,," ,,"'
'" U.OO J.646.SO l.S6.4J/..SSOO
ill 4J.'l8 4.837.80 212,766.4W)
." 101.4) 4,267.29 176,79).82107
,,. 12.151.59 SIoS. m.llS7
~ T 1, ,. 11 .f1!l ,'*4 " U.2:l44,,.
'" ." ., u,UP' ,,42.79:15
".
I'T<lI the .... hbh t'" within e.U ~WII. of Iquo.r... SS&. 1:1 obt.ained,
denJ>e<\ bT (eM .lao ~g. 5J)
sse" ["1 x.,,2 - i ["111
53,,, 477.1A2.}248 - (41.:;JlI,4)(1l,S711.Io4) ; 59.6517
SSI" SIoS.99S.llB7 - (42.7905)(12.1Sl.S'l) ,,)I,lI.:D68
Tllo total ... of -'I....... witbin..u the c<tl..h. S5k, U derl.-d br
S51<::: r SSe
-n. SSk :: S9.6S17 • )l,8.206B :: 4l77.8S8S
.~ SSl< .tll U.... or thed~ or tT__ n>r -el\ cill. re-




C.I.LC\n.lTroN Of HARWtlIC ll&.UI
d .,
"'"C_Uon
• 1/• • 1/.
< 1 ll6 .1XIlI621 ., .OWll
< , "" ..."" 16 .OlJl58
< , ,n .(0)557 "" .0l))JS6
< , "" .OO917~ 117 .ooeSlo7
r (lIn) ; .066872
n .1 : 119.6)1~
1I8·{.066ll72)
lIal,. U. t ftl... of Ii
1lGIIr...... , u.~ nl.. ~ eor....,t onlJ' 11 Ill. nriabh 11 hv.!'abl. 1.6
rr,r""u u.....n opeed. 'ar- epee<!. perc.,tUu • eorrecUon tact«
ho_ to b. applied, u.. ,..&1 ... of 1tIlc:ll h li .....n in Table 10. 'ar the
85U, perc..ua .pet'" U,b tactDr is 2.)501. Acc...d1 ..1.T. u.••,..,.or
.... '<I..re ror \h. 85th porc..tU. _ .. ~
li/S. _ 0,1\523 - .)6Z/
- 2.)S01 •
Ma1",,1o ot V.ria"'.
The • ..,on:! Pl'rt. or u, l.7-h "'"""&<I.... b U.e al\II~b or
ftrian:a, in U,1e ca.., .. t.te> 1 r..ctor1e1 dW9l'ldtlt 0.- repll<: ..U""
per ce.U. Table. 1JI d.U-tea the &....I'l ","",,&<IIr. of ,*,W...u.: the
....-1......... of .~...
The b.1JIotbeala _ 'Ide to tqt 1& uat there 1& .... ditt...me.
Mil: II .... \h. 'p&lc. ne1Uwr br con:!iUoo raor hr utl1cl". tactDr. eo.._
"'U7. lhe elt Un ItJpoth..1.e is tN.t th.re is. illt....,.,. be-
'-' \h••pe Th1e alan1.ne....c. ~t is d.U.-at" U. ..... alhd
."'" "
" " ., • 1 ~
., )9.U ,.,.n u.'" u.so 162.97 -
" 4).01 /").67 42.7'J u." 172.1,6
~ 82.4) 84.41. ro." &'.51 DS.I,.)
, ,
(T) ,,0)S./,,3} : 112.513.;;JlI,9
(fU)'?' : (J9.42)2 ~ ••• + (42.99)2 " 14.078.5189
(~c)2 _ 4:: l.4,06S.6117 - 1.1..064.1606 = l./"Sll
, ,
(i") - -...tp.::: lJ..075.4181 - 1I,,06l..1606 " 1l.251S
2. 'T,2
(TeY) -~ - SSe _ 55" "
: lIo,07ll.S189 _ :u..061..1606 - l.Ull - 1l.2sn " 1.&.97
"'1. t.abl. •• Tabh 19. Tbo l'UIllt or !he t_t b rll<Odl.lJ dbll~ed;
...~••18 that thare b "" 1Il.&n1J1e:1."" <I1ft.nne. b.t...... lDcll1
... _l.oeu ""kle ap-c" 111 re)o<:tOld. on. n ... ~r c..:l. s1&nif1uoou





_., .- , r.O~,arl_u.... -- ...........~ , , 1.4~U 0.108)7 1.)))6 6.5'114....,. • , 11.2575 11.2S75 )1.0)80 7.1086
X-_~1<>D. ,~
, 1.6l.'J7 0.51099 1.Sl61 6.5914...., 4 0.)627




r" '. ,Ll"IKE, -
LOCArlNG SLIPPERY GHWAY sIr£.
•








;J.-v,2 ;1Jt., " tJ
Be.ro1d 1.. 1t1d11.al. SH~
•
UlCA'J'lJI> SloI!'fKIl]: WC"PT SDES
BI ACClIlEII2' ....nIl!;
.. r.. ..*IoJ ""r..M4. tl1nct.cr
Ja1At, ~·b-..cl1P'l<>~
TIw PlJIDZ' 1. pre""ntod for the ",,-.1 IlrId tar ...loau fer
\1IilD in t.bI h t IlNdlnp of the ROIld School ani potIo1l>1,y in
~ publloo.Uon••
A tadIa1cal J&JI'U' e<It.1~ "'-U!lI Sl.1I>Pa7 IfIcl' 7
...,. AocWld.~" tIT v. a. sw..r a:P. 110 1. me.... ~
ttda papw -. )It'IO$IIlMd to t.bI 46t.b. ' __1~ IlOII4
1" Aprill'JI6Q at, \ho ""MUd> ....1"&1 __1mlo
:n. PIP"' 1. a~ or UII taw.I&J. CClDt.o.l.:E 1D U-..
~ er.Ut.1lI4t "tba Lo<:at1.aa orS~ It1&I""'7 SUm bT
d.~. wh1<:b __ prwnetal;r ll"_ntA14 to U.~ It
.,. .--1c.al I.Dl1 efficlolllt _thcd f~ 1.ocI6tiDa aUJ'l'CT'J~
ani for d8t4~ t~ir priority for "lle.uclc1zlc". on. ...t!lcd
t.o ~ Jl"tAIlIt.l&ll7 1&Ipcrt-tant. 1D Ind.1.aa& and in ot.t.r ,tate, in
atta'* on t.hI .lip....,. J>1&b.-..r BUl'h"" pro~
~.,,,,,,
..
Y. Go StGn:'. ClNduate """t.u&...





I .....'*-. ,="_- ..-
V* ie, ........ 1'!!WAf ana "lO'!JlW!' 1M.,.".
h ~ ..._.'U........... Ui4 • -. ,,,__.t. -r_ .......ta 1-. 1'.-
.... .. *,"'"... Uie. ... U. _ art_ 1110. otr7 -Uu.aa. I~ 111
abe au m- \hat. i_ aa4 _ .....~~. but. .. tloa _ .......
.... _ .01.1 -Uu_ -tWItI • _ ....n..rt fIq *1A ollu'~
1zI~~ • alldalll wIlioh 40M _ itIItl.oah IZr:t pvt1calar
iIIft'lall,J cUr. rS"J' ..... t.o elrtMS.., __ ~.ul*- qIlita .H., i
...... aDd ac:cid-.t.l U. ,__".0'''' of .1'ppWy Maf__ r.-.lt. •
.. I I' to 8pat. .up of frc!1'na r .. 19j1!1 1.1 idI-n "" ".... 1. f'1.Iura 2
.... U. ..,. tart'_ ..01' t.e ocau'rt"I ia • part.t.. <JL Qraat CIoazIt.J'
~ 1".. It 1. r_ t.7JIl,cal of' t.M 1 u .. <JL I ' ...... -.rl"I
• *7 .-f'_ .... ' • ia u...... '!Mr-. 1.1 • __".....t.1.rG of' -s..
"
• ,' ... <16*''''".....=1' i ••
___.'.'••••.• "."'tina b 19S1l. R_ ap1n u... i.e • ~ct1Gn
_",...t.II _ \1M bNrilJ~ pardon of' sa 9. X_•• ntt-'
~" 6I ... _ .,....... .-l.dant.II ~ _ abdoWI at. t.M JI;IncUon <16
, ... ~ .. ..u .. at. u.,....u- elf' sa 9 .... sa."•. .t.lu-,ll
~~::~Saz111 ad ia -.1 .,. -r_ 1 t.e Uor :J 'u.
I • ".fIIl ......'.:~-_ _~..,""--
,
._---.---
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o WU SUN'...l &C;QOII:Nl.
, .._ NOl "'01.\1(0. • • •
PORTION OF GRANT COUNTY. INDIANA
-.. .......'.'.....r _"w -. *id~ 01 as 1. fill ...
a.~ f1ald. t-tiD& Fi ''"' (Ildl •• U.~
...._ -ul0ll) .tt.ct.1~na1u&t. GIl • r-hU.... bub U. lIld.d. :r-U-
.... ot u. -r_ upca *1CIb U. teNIN~. tbq u..
"- CID1¥~ Dl U. dd'W 4 t 'oJ 1'1 d lQ'ft.eD UIat~ to *i&o
~. It b. 11' i., tbt cn1T _pmmt; .....,. vll1.cIl U. bt"....,. "11-
.. ct1rMt and lJ\lb1tant.1A1. """t.n>1.. Ilorwwr. bT.~ ..,..~
iIlI ......uo. to th. Id&t-;r it ....1" be poal1blo1 to .lnlwl,. u.. deftc1ln-o
til.- or tn. 4r1nr aml. the fth1~. TIl••tttcJ..nt and .1'fHtl... ItM or
~ h1&hW;r ~fa_ tor the p.l1"pON oL rIIduaJna; UIo n.-.er or
e"""," in9l>1'1'in& Wldd'na: requjru that~ dtea It. w!l1eh Md.
II-.tII aN IIOUIZI'1'1na be 1dInt1t1ed and lI'ftllat..ed It. t.he ~u..t. JlO"1ble
•
• s. ... u.~ Ulot wt mr1lLce aec:148nt, ..t>1.ch 1Im>l'Nd. ....dd1nl .....
, 9 0;4 ~ u.o. 11k. at. 1OIticb. u.. drl-. IIq bt._ btcl~ to
... -.l 411'ncult -..... aQd. vt.n U. wet ...-t&oe Pi t.d •
i $ I i~ to *'drUnS; u.t ...~ tNt ... " • ., to c:a:Ipl..et4
... _,e • .aN;r. ~ ton. -.cI:w:ted GIl sa 9 Jqt.~ ~ 1\4
, "m 1lllll; sa 15 1DltlcaWd. _ .~ dUWnOll to aop or 911 r.t
.,. '" "I • WiIl1cloo u.'ftllq It. toM &'Ieftp 'PM'! tt1r t.hb • ;+....
fI6~(~ ....1 -.l4~ aZ>oat 2lXI f'Mt. \0~
n is IloIIl;~ to~ toM ~ae1,," Ilen Uat. UM I'C*<l 1a
:
::M:~FV ....," mel '*doh -U 1D:11co&t. \II... att... lIdch an
5 .'~ .. ot ooaaidlll~le mu.. In tile 1nte>:,..t of "''"'''''9'
D -U .. 4M1ftb1oI it :IUd! • -.tho:! -U wiN"'" \hI ..-.. at n.ld
..-.. .-qg1nd &lid. -..l.d _ ...nate • ""n'_ or 1.obGr.
1M IOCt"'nt, .,..part. ala, crl''n • 'M or 1At_UaD ..." it. _
MIb _ U1at thU .tq.....s.~ tn...ua.Uoa..c~ 111
~ Mtdzo (1. 2)t..... I)<IJ*' _ .tu.... mt.at.1c&l..u.oia tot tile
~ IlL~ dt.. ha'ring. ~b~ 01 .,ddt.,. &C~••
A"- ....., .. -.b:t.d at .:it. tmt hid.~ ... :u.t.-1 ...." u.. "d.-
elf 7 ,. 1Dci1aIIted • ~tJ.&1 ~a1 :ID "'ddt". loddct' .. ...n
.. 111 \cIt&l 10.... 1 to, 0).
•
-
fill cmor-oall PI :tl. of aJd""'D, in ..oc~. OMWTin&·in 19", lUI
~ tI'cel tile Npol'ted. aco1doatll <a thII ltate tu~ 11> to.. o_UalI
or 1'zI414nI,.. 1& ._riMd 1n 'table 1.
ta wda' t.oo~ u.. "'.-. of aco1cWltl bJ' ...mel OQ)d1U"" 1t
~_~ to c....~ the Ql;ll,;Dt, of t.ftl'tta lItl1o.b. t.I'a......t tt... b1cl't-
.". mu. ~ am- .... ch7. _. 01' -:loT' (1.... ...........t witb 1M OI/t
_J. no. Il..-..r ot wb1cJ d'. \a'N1e4 lD!Iar tile dilt...at~
, U. tGt.o1 ' or t til • J..ac ...u.
...__ drf ~ &lid. U. ... ; u or u. U- u. _
_ _ ill .... or CI<Udl..u.c. .. ...u lUI tbIo -" or~
_ 0 nu" -.u. u.. .....u.u- PO' ".. ~-.. It














• "', 1M, AS A FAC'1'Oll D ItEl'OfI!Zll j,OCIDli'l'S
..mu
........
tbII Mt.&1 fl"''' of aood.<llat'~ lifIlla \he -'ae... dlT. ~•
.,~ 1.11 u...t ... _RN or \he I'Q)M"N•• -..... of \he l'01&t.1w
.... of elr!M'nl1 _ t.. obt&1JM4 b7~ thoI *'IMbl ..I.e h •••• tIM
.. "I" of ,oe',,"," ~'o1ng *'ddina:).
~~ b1&ll *1<lc1Jn.c ..toe OIl 4r7 .....ra- 18 .....~ .u-
.. wllalM ..... bnIl::lD& Q" _ or ...ul.1ld...t. "p'c1tT \0 1"* t.Iooo
., ). (U. a.ob 1 ? '.,. U 1lBSW'!I1l1 va. .. tIM dr1._ pued.__
I, $ ..~t_ t.aDd.t.~.~""'..v... U.
1''''._'' , lTrlJ 'eo!, .eH*....woa ... _f'I.~
•
'!be "'ldSr& rate U ..~ .u.od or 1M1cat.:lnf: t.b8 ...u,U" r1III:
., *''''''81 em dJ7. WIlt. and -iq" IUr'1ll.CO& beoaua. .. larp~ or .ec1~
.... law co 14.iiid. 21>e aceidllDt. heqQeDc;r of tbe Wort lIIIJori~ at .pec1~
.u... 1, qqite -.u. ~_.'.i. aDd. ..... otheJ" llIetho:l 14 neM~ to <><a-
d.-. tbe .n...t. of Clhance DllCIlITmC8 and to~ IGc the trIq-"7
.t: "''''''"1.~ 111 exce.ab". Such .. lMthod IIIIat aJAo _blA u..
~ .,p-r t.o dlrt.eno1ne >Ohm the !l'equm1l7 of' ak1dd1'!B ."ddslt. 111
...- thIUI __~ IJtaDIl&rd ......... other J&gt.h or~.
a.\11t1.l ..thea.~ the ~1GD. or ponbl I ot Wa IIat.l.lNo
'!Q .ta.u.t.1cal~ UMd 1n th1.I ftQdy 111 '-Moll 011 the b1nm1.1
~on lOtI1ch i.8 .. BtaUst1olJ. dUtribuUlI1 or OCClU'nll". IlMch _
IlUdt .. put.1cular ~cter1lJt.ig "dell III1&llt I>a ola..ut.l ... ather"
......... taUuN. With rOll)llfd to tId"""g aooidenlll UI1II cbaft.ct.an-
UO 1a *'''''' ....... aco1.<\clllt.1Ih1alI <l1d nat 1Im>l... elc1dd'pS _ be cUaal.
u.d &II .. _01.. aqd an acc1dolrlt 1D wh1ah tIc1dd1ng ... .lnYG1V11d ..... be
"n.t ..... tldJ.luoI. "." 1I1nl•• &*<C&It&ge at &Ca1<ld. in which
"M1nS __• in all ~bllit7. inWllftd c&n be calculAtedj tIWI~
Id1l be ntwnd w .. til.~ eIc1M1nct lllte Ol' tbe ssa. III
...... __ the lalB tez. 'l&lue of the elc1Ml,,& ...te 111. in all prohebjl1tJ'•
..~ .. l-se .. tbe .1eqla\ed ssa.
.. m m ,."· ot t.b8 _aiV tor \\tillltn/l th18 j1IllllI'ln t~ _
......~ ~ tfoeqlw I. let; ... ell1~ ttlO &ita, boUl or lOIWIb
... _ .,Mtnc..... 3lIch .. It1t-Uca 1& ~t.ed 111 ftpn 41
2 of."" 1.- ..... 11 ...4W-the_r .. __•

























JII U. _ of Ate -A- 1;110 CIIIt of ~ "'" .....fa................ 1PYolwd
eHMba t.Mreton. t1lO s1ddding Nt. 1Jl 100 ~t. IlcJMrn,or. U. ...
_ of ... 'II1&T be ltaoI to chance_ and ... caD aalT N;'f• • 10 tbo S pel at e.i,ga1o.
a.-t. 1nlrIl. tIlat 95 ~t or the time (19 'llilH out at 20) WlJ -..l4
tIlqIIC\ tM toNe .long teN lIId.d<Ung nte at t.lI.1.e loeaUon to be .t l.e&1Jt. 15
po lilt. 11; m.&llt bit ... 111gb a' 100 paromt. but tIKI dw\oe. aN -n.
( in 20) tlll.t it 1.e le.. tban 15 poo...:...,,", 1D the _" of Ate
"8" tOW' 0Ilt of twr wt. Il\U'tace aecldenh :Imol'ftld eIc1clc!ln,g1 thull, the
....."tng ...tebo th1a Il1te i.e fo18o 100 pti_It. H-... dnce th. m..
qlBlO7 is h1gh.r (1•••• tJleN aN IIOre accident. innlwd) .. o&rI <Wte..w.
\M Un!.- w.l\ltl that tIM l.c:a~ PjMlnE ....ta 1dll bo.ft 111th1n
~r 1bl1te (l•••• the .Uect of chaD<:e 00CI1r'rWIC<I 111 le••). 1be ssa
r.. thU oite 11 loS pl1'Oa'lt. IIore ap1n tho tl'l.\ll "'dcldfna: ..t.. 111Ft be
U II1Bb •• 1£0 percent but t.h. cIIan<:e••"' ml,y «I, 1D :I!J tIlat. it i.e lau
'llul llS pnocent;. Th\lll. WIt HI that. the 9SIl 1lI de;pundent \U'OIl. til. accident
~ All4 18 1n nallty t.hoo t-r can!1Aenc. liId.t far tbe olr1Mfnll....
,.. UI II1.d 111~ the SSll 'l'ablo 2 1:11., 1>-. prepued. tar • w1dCI
nap of a~t ~ol... T8hlu of the Cullaa.U9ItB~ hc>babU1\ir
~ tS) "".. 1l.Ie4 to calouJ.ate Ul. ~. 1ndico.t.d. in the tabla
.. aN for the f1'9.. porosnt ~cance lewl. 'I'ha t.aba 1e -t. -ur
-.d ., tIIteI"frI& U. t&lI1e 'l1U1 tM ........ of~ ......<!erlU 1mal..
_ *lM'r,(~ xl. tJlc NM1Jlg horill<Dtall;r to t.be~~
.. tM I"JflI' 1IIIllab bat • 7 II' lpo... tMn tbo t.<Itoal ...... of wt~
......~1Itllab I and. '!be ssa 111 tlMn gl_.t tile top of th1a """,_.
3 .. u. \Gtel of __ -ra••om....... __,.K. _ '-
11
A •I I I I ~
9 II ~~
§ II ~ •
!!; I ... ...
~ I .# ...
". I ... ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ S
I I ~ ~ = ~ ~ ~ ~ ~ ~ ~ ~
! ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
! n ~ ~ A ~ ~ ~ ~ ~ ~ ~ $ $
! ~ =~ ~ ~ ~ $ ~ $ S ~ i
! ~ ~ R ~ ~ , ~ ~ ~ ~ i _ ~
I
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ S $ & ~ ~ ~ ~
~ ~ • ~ ~ ~ • • ~ ~ ~ ~ ~ § a ~ a "
• ~~·*·~~§a~"1l1l3~~§:O
I ~~* •• ~~aa~~~:!llll~~~
~ ~ § § a g " ~ ~ ~ S :0 ~ ~ • II ! ~
~ a ~ ~ Q ~ II ~ ~ • • ! ~ 2 a ~ ~ •
• ~ ~ ~ $ ~ ~ ! a ~ a 8 ~ II • ~ ~ • R
• ~ s =~ ~ ~ II • ~ ~ ~ ~ ~ ~ ~ ~ ~ §
e &• a ~ ~ ~ l • ~ § § ~ a a
« a R i ~ ~ ~ ~ ~ e
..
S $ a ~
i
f
! ~ s ~ ~ $ ¢ ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ J
!
J $ ~ ~ ~ ~ ~ s @ ~ i & ~ ~ ~ ~ ~ ~ j
~ ~ • • • ~ $ ~ • ~ ~ ~ ~ ~ ~ 3 "" f
~ • • • ~ ~ ~ • ~ a " a a ~ ~ ~ 3 ~ •
I
! ~ § a " " 3 • • 3 ~ ~ 3 3 ~ ~ ~ ~ !
~~a!:l39:o~;Hi~ ;
i!l!i~s!~~~~aw~ !
!ls •• ~~a'.il2" ~
~ • a ~ a :l ~ • ~ ~ ~ •





., _ a.-lwd ""MOnL _ tDten __ ~ 1IId.U1 t-.. and na4I bor1-
..... ", .. laM.~ CQrt'.'Mn £ • """'1' lupr thiul. _.~ 111
_ t. """1 Ule S I .t \hoi top of tha ooJ.>.r. cl- u.. SSI ..
al r= I • !tab __ tlIt.t 19 u.. <lilt of XI t.lM u- 1.lllI& tot,.
.. ot _ ~ .edd«rt. at t.h1a ~t1GlI~ i!mlJ.._~
.... t. --.ao ... t.
-.r of~ la.. £N'Nl~ sad ..~ u.-r- """de u.. .....,. ot
..~. tb S3ll .. detoInI1n8d tar nch ac.c1dorlt ol'<Wtv (1••••• d.te
..... a eu .ecd.o*1h O'Wa.:od) &Dd f ......ch~~•• rood 1Ml£t:b
WolI • rl\lillbeJ:iid Il1&ln-J' route ~Cllt _ toocloIl1p.
1'abh ) lIhOOtB t.Il. ",sulh ot U>o ro-d l.-.Bth~ ADd 1lId1utM
..... fw of tb. I'OGdlI ~ ....1l8.lJ>& u.. ball< of u.. ",,'M1n.~
.·u.....lNlh ......~ for tt. .ccidllnt. .w.-tv~•









... :::!~.:.:"I.~_:.:_: '41."••__ or tb& nlaU.....p ""-
SS' ..,. - ••-.. ep"c!'" *111' N-._
:II ..... Ie ..... \be etrMU_ and tbe ..l1",'B\;r of tbe 3SI1
• d \be~. of the ClIrlaoc. t1.u IIld.4 tect.o ....
, lcd _ • ..,a.. 11_" ~ ~U..... n.......,JA ~u-._
, rt 1 '" .e.au.uoal __ lOh1dt 1.....-1 u.~ tbe Nr.>lt4 ab'..a1.-l
~ ..... II It«l ..u of &be r<lCd~ (6).
'!M cId.d w~....., "toed. >d.t.h 1M Staw~o.~ of
, p_ cId.d 'lChioloo (7). !h1a wMeJa JaIl .. ~.t.eot.
- lc Irtrc un1~ Mol u.. .11........ dr1... wrlaUca 1D. \be app.UoaU.c.
~ tile -.na. :It 11 a.t..o "",fA*' eo .. to ........" Ule ...-ed at 1Ob1c11. Ul&
...",.... t ..~ ..t- tbo bnkP .... appUM and U.~ ,...
.... to...".. ll1 test. t&I;l'C~ on a~ 10ct~~......
Upan the o::epleUon or t.hI field &Id.d t.est.in,e: U>c data ... p]..gtt.eot
.. _\tv 41.&pU&. V~ 1nloj::ccU0ll and _ Jmeaelcdp of t.bt tame
IiIlD:l1UQ'ia at the w.r1wa locaU.... 1nd1cat.ed t.lIat er-d and~ lIl1&ht
.. twa Ud1t101'1&1. fUton otdcb a.ftKt the SSll. Thcrctlli'C. the~
~ ..... obt&1N4 for the AIIIP1c 1oo&Uana b)' tbc lll:elLcc plate ..u.al.
(1:). llthcu.lh U>c~ data .n cbta1nclI \Cldocr 4r7 nU-- t.baa wt
p, nt -.diUGIl&' it 1& fc1t Ulat Utu.. u ..."....ppnc1ablc Cft'VI' a
-.. PNnaaa ~u.on. (9) bt.... tClllld Ulet _ t.hcqh~
............ a.J.n-::.ll t1i'st. bq1D.c. tbc 4r1-. _ rct.an> to u.tr
III'I'e4o POOl' 7 ' u.t tbe'n! l\;p' of nt.-::.ll U .. atn.dD
'!M tft.tn..~ .,.. ...... t
..
Sa rs..- '. 6 ... 1, NePMUftl;r. t.. toM .MM." c1uter~.
n,p~ .....~t~ U. I'Q&d~~•
..... ,
......,.Um .....",..., .......... _ ... ........... U.O..os~
SIll •~ or tht Tn' 0.'1'6 ,...-..
ssa - _ owl'"&ll • ..,...s. l'~ • 0.27 -
SIll • J.D'l' T:(.3 • 0.58 ,..
ssa • SUppmd.. of u.......,,0.. __.... ... 0.86 ,..
all. 'PM'1. -.I'd AIl!'
.. .t.FU1-.t. riMal :lniIpect1ca or til. _ar .,..uID at P1cur- 6
, ltd•• NJ..,UCIIlIIMp~_ theM to- t&cton at _ ...... PIIrtJ>er
~ , ... , ..t.d a1S>U'i- ~U... con.Jat.1oll bK_ tbue 1-.:a..
....:::..:'~m:..::u. .... '_:':'~"~':m~__: ,... ."
..... It. -.& ... is'' u.t. \bq..... • , ...."'....:~..:':~':- >0-
s 7 aU... ""'" ~ 'w ''PO ~























DISTANCE REQUIRED TO STOP IN FEET
SCATTER DIAGRAM OF THE DISTANCE REQUIRED TO STOP
ANO THE SIGNIFICANT SKIDOING RATE BY ACCID£NT CLUSTER
..
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MEAN O'Y'EIIf-ALl SPfEO IN MPli
SCATTER DIAGRAM Of THE MEAN CNER-AU. SUDS




















• • • •• • • • • • ." •
AV(RAG£ ANNUAL OAI!,.Y TRAfFIC IN ntOUSAHOS
SCATTER DIAGRAM OF THE AVERAGE ANNUAL CWLY TRAFFIC
AND THE SIGNIFICANT SKIDDING RAT[ BY ACCIDENT Q.USTER
" ..._1 ,
...... _ .. __•••• u.. ... of u-r -.OCl1IoUaa biI••'_. on
,., p. of u.. "*'l~ 101 tile SSJl (74 r= t;) u.t. 101 dlpmdmt.
.. U. 0!1- "~ to stop, u.. _ --.u..-.s. I:IlIt tt. A1lI'.
•
_ u..~ or \bit ill.'Nd .u-t.. and Iri~ of .. -..\4' '!be tl.-
..._~ for locI.t1Jl,s -U.PP'r7 111~ 101 to CIbt6.l..D Ule fb'l' .....nl ~
7 a ... ,
--.
,. TM ~UONl at loIlicll theM acaidenta ooaunotd..
10 ditt_t.1&Uoa lllould be ..de~ eIc1 M1 na: bt.t_ ....r. e.n.v Imlk1JlB;J
"t 111, the ........ of aoo1dmt, 1D 1lh1ch *,M1"1'" Sn'''"bll4 8boo.l14 be
... wt.al~ of .o~. in tob1ch *,Ml"&f heton and attar~
...4
__ n'd' $ •• ='WllJ;:r~ 111 ..,,__ 1A.., au.r
ft.-l s.J 'Sm -U .... hi ) tao. 11 tt_" 'ItI1oIl. '8'd' ', ..... '"e. "'''d, 1de~-U_.._
7 ...... Iadl~U_.'.'_. "....'.'•.•. .-Jd lie or' 7
h •
Aa 1B n.- 1 tIl1.II .p 1.lI ot't.cI _ .d1at. ClIO '1,11.~•
• .,. bIo 1IQ. to -.1ft\:41A ......""te ..p tor ..to .....race .".,."-tt..
a~ tbIa til .. "17 e:l.Iapla _tot.- to dUrenatJ&t.e bet-. thoM aoo1-
~ 1Itl1dl tmalwd .'dMlng &rid u.- >IhiclI did ftOt.. !M. -..ld .......ad-
A ..~te l.ocaU... ap tar wt. ......face .<:c1d1ntB m1&ht. .40 be f4&pt;ed
..... to "'ow the ,"1'1_ "...1... 1DOntll. aco1de:llh ...t.Mr than Ju-t. th_
I dna II1Ilce .Jama17 let of ...,. put,lcu1ar}'Nl'. I'or _"pl_, th1a
~ be .s- bJ' 'Ia1:l& p1IUl >11th til......n 'I"~ '12' em t,bd,
.... to 1Jld1De.te u. _til in 'I!l1.o1l th••eo14eat 0C0I.IZ"ft4. With web ..
.-. the _p c<>J1.d be rtudiad to detenIdn.. 1t IZQ' Gl.u.rt4I1' uLot«! ,t
v. .,." or _oh D:III.t.h ."." the p1IUl l'lIp"...,t1n& the aca:ld«ltB vll1ah __
nod dari.ng the -.:rl.1.8n lIDI1:b. or til. p'oueed'n,~ W<Itl1d U>on be. ;ftd•
... • .."""Oduro .,.,.wl. penD1t. an~ dtll • tuU t-l....~ .cnMerrrt
-.
Fa" ..t. .tticisrt. ..lIU1ta. &CCNN.te in1'_U"" .. to tho l.oollUOIl
., UMo ...... "-It iJI reqaboed. &rid 0U'e IIIl8t be I:XIt1'C1Ml wh.. p1ott1l:l8 t.be
,-"-'t. For enmple. s1tIee the Mal,:rs1.I ebcW.d :tndie&t.e~ or tbI
..... t.a .. II .',. fRl *1Ib .. 'M1cMr,t II aM"" .... t.t..
.....N•••'..,. III-. _ -*V ., be '.u.t" wu. "'" __ 1a ...
ZL
•
..., __ 111 .¥)GunS aD:!. plot.UAc at tile ~ U.
:~~~:'.:!:.:;.e"'~'" _ ~ dfterl:l1J*! 1lIlC!I, tbonr-, u. Iblll't«' tlMoIldlb 7 U."1lH4oI to be "110, el'! no ~, ........ u. ....
''''d"rl.1C1al:l _ •••,.".111. part,1aD o>t Orut. e-t.7. AU_It"
ISS t to 1M 1Irt&z -'¢fca, at 51 9 w1UI sa 15 Nl<l sa 9 ld.Ul sa 31
-..w be tn"J I".d IilIa M7 p<lrUm ot •~ ... ba4 it.. wrra... an-
~ thrIlo.lDl NSIU'f'llc:1llg 111~....
1M~ ~o1al NIlIl1t. ft1r tM -ned ~tllN or f'I.IIo:W
...... ""toh M'f'I~ 1dInt:.1!'1ed .. be1.n& aUPPN7 UlCl trollbl._ lIT
-'hod. 01 acoidllnt NpiZ't.~ •
..'....:'''7 Fod =i loU. ....'_. tile ssa ..... u.
__ ......." rt~ bo'I """ lltlI .. lDI'•
.. t 4 of tbU ftlatl ......,p u u.t. the SSI~
.. ...... "~"0Il ~ the t.ramo~. thu.r-•
.......... .tolIIl;:r of tbe t.fttt1c~ _ the 'II&ri_ flIc1.llt.1q
1& "'" _...,.,.~~ the ~,. th&~ ..~
1 1m~ lie c1_ far \!w .pp1J.CIIUOll or.·. l1dd....
"-'-"'. Pr1or1t.;y ~ld lie cs._ to~ tilt". otidl the
,. ~. or I."""'. *'1Itlnc~ 1ll &II~ !liP PR'"'
~tt 01 wt -=:rlacI eec1<Wlt....... -t OCU'flIOIl }rCrldu ..
J.r nd.w..- to tIr1dct1DIl. ee..v.raa1¥•• "-7 l.r.- FO..-.t&p
ot ..t. 1J'II"h.0Il.~ w1ll 1n?<>l.. tSd.<ld1nI: it • wt. nr-flIeto
uhihit.8 • un1t<a'ml,y ht.Bb zoeuOltMecl to "":hlcl!'II. 111 ~lIe rvsl=
bo'I_:I II"",,, end wIr1M1ng.
4. n.a "''' or tlla .coidal.t cluat.sr 111 superior .. u1n& til. road.
1angtlI. htt.l' oorroslat..l.an bct_ tM SSII and tho _dau
!Utore e.tJ'Kt.l.n& *'dM,!& eM lila aq>ect.d wben.~ c1tlPo...
an 1IM4. ~. an ..~ ..m,; til. acllilWlt~
IIIIIJl bc11.1t.te cr-toP _<lIII7 bern. alIor'k7 IOl4 ...... spec1t1a
du. 1d.JJ. lila l.nd1c.at.od .~ beilt& lD D-.d of "61 rltck1llC' t.ftat-
-s. ,:a-u.. _p or wt ~ca _l.derIt.8 U .....,__••,.' .. tbo
..__~ ......d-rt.8 &l'f ftIpc111;td tDl pl.ot.\1t4 t.bt ....
...",.. Ult ~1:.1an obt&1ntd tDl. u...ton. the o-t.e..
.. I ... or the .~. l1c!dnK" _UOl4
.. :ft it " .... u.1:. tU~~U_ Cft t.bt tt.at.e~
~ JlllII_ be oW.a 'N<! at l.tut. CftOf .,.... to' Ult ..u.o1
~ clJ ll'l~ -S Ull.1:. h1&b prlari~be l1_to 5E')pu' ......
"".hl" of u... u-Uema.
..
.... J!'XWfIlI
MIIw...... _., .'...... ' t.part.II .....~ to SUPJlOlI"7 '_gthf
.,~••~ tr-.~ .... 101.4~. h1.:r. 1956•
.. IIIIport. or """ .... .....,... bnl. ",UlI the .pllIl't. or U. mz-t.ar
., ...~• ., 1~$.~ of :5a:lmt.Ulc &lid
~ "-"':l. Po. •
........... P. 11011_....... 1M1!t7 or Motor feh1.ch.~
a- UloI~ tn.mc," Ptt>l,! _d!. YctL 29. 110. 8, P. 19S•
..... 1957•
• "". H. L o, IlDd G....u, D. L. o'~t of 8ld.d hftiq 111
Jed1_,"~ 110, 13, Jo1ftt~ RI..-.t'Ch Pro""'''.~
ti.....1tJ'~. u.o R'tl'AA Ho. 139, 1l1&ll.-;r ~_rcIl SCUd. 1956•
..r: d}_Wl)"'. 1'., '5pN4 and ~ftl ft..~t. 111 Urban ArM.,"
.UIIrMlIlo. 1J6.~ Ile........m Board, 1956.
- 7 • lIIlter L ••S~ or h ....r eu. 1m w.t. ....s Ilf7 fa_U,".'.'9 10. U9.~ Ile-.rch Iloal"do 1956.
1C MEASUREMENr OF FINAL
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Go ... S' u .. (L L s..,ttl
r. ,. BaWQ'
.. &. ...
Ut4c:bld. b & kdm:1Cl3J. pIIpn" e>:M.tJ.ood,~~
of P1Dal ,.". Qu."l~t1... i.zl 1i1&'-¥e-~'. 1b1a
baa __ ""~ b7 I!r. ll. ll. ..~ _ ""'f• .I. Do 1U.1&.
_ _d at. t.z. 1960 i'llr<I:>e lloo4 Sc!loo1.
'~ ';;t 1. nt.ltUd. to thII Board. far tbs ..ccrd -.4 to "q,.at
III for 1w pllbliOOlUOll 1r: tb:J I'rc_~ of u.. 1IQlId. SClIooJ.o
IlI>spsGt1'llllT oruIm1tted..




JII1Dt Hlab....,. a.."ucb I'n>jlJvt
I'n>joct lio. c-36-)2 0
I'1J.e '1<:>0 1.-4-15
--
~c N&ASllRltl:!M! OF PIJiI.L 1f.J
QlIUItInIS III HIGHlriIoJ lXlIISmucnc:II
......" to~ I en1q 1.1> Ua, ....1', ""'" ec.t. ~d..."'ft.!>b
, $ "It. _ ... toepI"IllII4 in !l:d""'tiq U>I _ <4 pbo"~t.r7 to
~... I ",,,,t ~ 11:: U. ::lOaa _lit <4~ !1J>al JI',J'
....Ut1ho !be pt.BDce or~ ..u-.ooa Ear t.ha dd"n:d.I5lUce.
.d ..
!llU p:l.jlIQ'~ the l"tIsul.tI <4 ... Itt-pt to aPlll¥ pbot.o.
......t.r1e IIlltboda to the dccter:llin:.tJ.OII o£ _NJ. fiNJ. pq q.l.BlIl;.i.t.1II!l
aDd to ..VI.1....te tbo aceurlLClY obt.a1JlDd b7 o<q:arl.eon witll (plnt1t.111!l
dltB1'e.1nBd b¥ IXl1'mIJ. nold p:roc:odur<::a. 'n>I E1rAl ~ ~t1t1a1 <:c=ar.>Bd
u1:t'nc. 0I.I.rb1Jl.I. I'JUd 1'll1J.. and IlIl1d- peat!:. 'n>IlltII~ ... porEor-cl.
_ • Ilnl;r' ~tnlcta4 .CUOll ot~~tll::r' 10.000 ~t ill
~ 1!lI pbato~r1cplot~ ..... ;W:CCIlJIlil11IhoO vitb I atandard
.......b E~ 1A:n,rth IalaIl plDttet It • ,ule oL 1 iIW'h • 50 t ...t..
",_•• tIar~~..., tflr iIId1ftUJ. pLiotter $ 'a.
'ft tl_ IlIf _ 'Ie ....._ ....L. ,. .....
-.-
d 'da _,,-... tcr U. _~ FD"'oto UtlIoqlI~ U
.... IIU1II of _U«r. qIII!ltiu.e cN.r. _ban"wm\ qI8tlt1u."
a18D _141t_ .. it .... leU \:.hI.t tbt9' vcaW!. aU 1D U. _luatl.<cl
Ccwvrtat.1oD 01 U. ~rt<
uu... _ _ Z".bed with ... I1lK 650 '~1"OIl1o: • "er.
Su.c. ftrt.1cal a"Cl:INq' ~ at gu.t~ 1"1 U. 4o\e~
~ .....,tltie.... auU.Uoal mr.l7oda of w ..1cal.~ ....
~Q by~~"_rUt. Ucq ><lUI ue
~1IF=11n&d'1'llU_ h<a U. t1ald ......,..
~ nn.J. P'-7 ltc=- _,. <leU-toN OIl tht ~trlo
__....s,pt.. &Ad tt. .,.."Uu........ dlIt.on1l.md to'~ ... p!lrrl"Wt'1A!.
110.". q,lIonUtie...... aqarK ..UII the ~spmdl"lquanUt.lol, <lIton::1noocl
.., no.-J. t1&ld~~..
Tbo preSllrt:; prAc!.1C1l in Ind1Ma r<I;;&l"d!n& n.nal eart.hlrarlr qU,nt.1u.."
to D:11oo ~t. (Il\ tb!l J;aa1D of cubic ;,ards oJ' _va!:1llfl &II ....eured
Sa U.~ pc.l\:.1cD. b7 t..oJd.n.rl: c:roea ..ct.1_ t.t UC4TCt.1cn is
&nd ..,.ua after it 101 "aopl.Ioted. V.w-.• ..,. e t.0t4 117 t.t.
.....P~••Ul<>4. U t.be ".,.t at ..:xu....UoIl. 11 IIp'c1tt.c:.a1J<r l,ry:lgded
t.!Io poo.,.m tor &lIT ita of ..,~ U. J'1Ml. CnllIl _ct.1_ a.. t.allr.l
U. nll1-d ...mo. ot UooI~ ~lIt; Ivr t 1n_Dt 101 DCIt
__ QII .. =-t.~~. b4 U ' ....1 ..,'.. 1A tM~ PQ'
'1'.,. aid L It1JlI 01 '"....._ ..
... a.1~ .-u,u.. ..... pt. ..... _7 ·"10~ G.dI'
__ ,.' 1a r 1 _ ...
-, -
'It.- jlC , ..4 """"'~ fer dBt.ominlnll .....u.-rlI: ....,.uUa•
........._trl~ 18 .. d1.r-.ct Ina].... of thI n..ld~ ...t.!><IcI.•
.... _UCIlI 11m. "" dNom Cl:I the pboto:r--trlo. ~ &t~
~ \0 u. e-ntln'llnl. Spot. alna.ti_~ U. c -ua.. u....
.. ......s dlnet.1¥~ u. ;:fl:>'-~tr1cplot._ .... U- itlnau.-~
.. lnt.<trpolatR h.- pboto~e&ll;JUUhlhJ-s ooatatn .... U.
~ Par t1¥11ll J1A)' _"lb. it 11 ...1'6U1' &t;reed t.b:t~ opot
~~ -W ba "'" 1iIe:L-..bla s1.- I.!>oIr can bI .. vit.b at; lMat.
Mce tllo I"c1a1Olll of U. 1.Dto:'pclat.-4 ..·ctlD9" 1tlI ~tu of ...ell
"'d1"g ... IIM.U.otn = b _U3Crl.llt a, U. podU... ot the !""d'ng.
". .........d rallU.1t7 ot ....ad1Q;: _lavation. tI.'UI thI pJm;u. ... &II
.,. 'IIlM. Lo the~ .m Un! c:~ t1ald .. tJloda, .au....to. the
11~ ....w-.~ Idnce the Il.CCIlNQ of thI tel'l'dn l'OOpnlllmtattCln
.. t\met1OD of tM dina!\7 ot alanUOIl :o&d1nIh
In -.1tCUo:D wit.ll U. ..a.,....,.,.lZt. of ...........rt~ qumUtu.a,
~ 1:- 11&14 tha.t U. ~ot.l ctim->d_ of aa:v' llbjlct 1.1It.~ to
ftlll uteDt. 1.D U. plgttlU'~ CQ) bII lOI""PtJ,. fbI-..-..t.
___ .....,.uu.•• '-wr. 11 IIIlt.~ 1.D the bari.-.t.al mel '81.,·,
__.'W' w- 41rHt ••••••__..... _
1...... _..,...~_....u.J..
• t r nt1 •
•• s _ S? .. ~_rl ..f_~.IIt1·flI/l
7 .. .III 013.."_ ~....,. Ill&- ... "" ..
-4·
;.,..~... _tt'oct.l.m &Ill. ~ oruffl.wn"~ to JlZ'c>r:I.d8 ..,
..... ...u.u.-l bew tor- accl.1Z"&CJ' nalll3UOIlII '!!'Ie to~.:lI.nd
.... pc 'rl!;7 to ~t.te ""1'8 doelllOd duu.w.. ~CX".t"""tiD:>8. but.
MCIl.....u.;, or • ~l'<>ll1.IlI: 11-_.
I. -.vl,y COQtructlld _c1:.1cIII. of St&t<lo hd 27 t.slr.n1n& at I.U-rt;r•
...... _ &rl ",. QOrt-...t ~t. 4ft o:Ua, ..... _:l8cWd ... azl.Ubla
:J..aUoa tor u.~. J, FtJ.aq or ~ Ib.oiV ar.a~ u... ........u
__~ 18 11l.IMtratAHI. i.D. ne- 1.0
b _tNeU.on CIII S-....w RaW. 21 ... p:1ariJ;r of • ".locaU...
_\me alUlcla&b ..... 01: the~ __ ..baUt to Id.&I1'r_~ 1a
.... _ ~t1_ U bit__=u.e- c.,..tnIcUotI .. c:cqWrted. 1n
\bI~ or 191&0 1m 8c:taI,a,l1tad7 .." P'/'rt_d lIII • 9,643 rOGt. k<:gth
er tlda _t1.aD. ..~ at. ~_tt 5trHt L:t. Ua~ or Lihert;r, h<I:bl&
...... pz'OOMd1:l&~ Io1lotlt a:o tiler. of tho It.>q' ."t.1aD. ...,. be
&u1p4.., U!'bIn 1ILnd _ "Juldl'1c&t1on &e it is vith1D u... c:l~ 1.l.Io1tl1
on. tonoaJ,n -:r 1M dft""ribod'" rol11n& altho\lgh till.........",. fiat
ftaCllo.. S- of t.llII UCl<\Tat.1cma ard ~lJt. _roe relat1Yel;y laJoS" ..
-:Ld bo apcted 1n te:rra!D or thb "bue.
o.J, la-1IIId.cb -u. .. M_'f'1a4 _ "'''Mated baa &b' pNr_
, , .. r; to,.. ... CfId1u... lIa4 to .. CIII ~ baa. of
:U ..... __ .' .. a. .... '•• " ".
-.. -
~ 1. A -.1«1 ~ ..._tJ:7~ Mi' T -.4 1D U.
_U~
-,-
:..__ ... hac -U IllI't """Ht:I tor~ _ ..
I ,. Ul1a__ S. GIl tM baea of w1&bt M ' L of
......u._ aIIIl.q,. .leM.. .... -U ..... __toIl"1.a1a l-.d
~::_ \0 I'" IIV tri.c ~1It. t:1!Ic. toM_ 1p&ftt.1t.1.N De 1>0\. --
PI; , .0,
b rl:otCC::"i'b:r _ flam at. &.Il aJ.U~ or 1,500 fWt __~
......,. .la....UOll tI7 tbo 5tat.e 1ii&!""Q'~ tbb -J.UtdI Pl""'1-
•~ IICaJ.it of 1. 1rJ:lll • 2~ t-.t &ad to Mm=~pt p1at.ti!lf: -.la or 1.
s.lI • 50 tM\o b "'porU.., wze -..:II ....O!...t ....b ....s.Usod. cJ,&u
,:tatoa priJ:Wd ~oa ld.6o..". tbo pIl<It.cez'Iap/\)' _ dill' lU_ -re, 1ft
.-molo of ld.1tI qaaUQ'. b _lI"" of .... pbatoa wn Il1glrt17 om<il ....
.....d. but ..~ _t. IQ"OM ..et1oQ plott.1J:lS .. ""&I' tlw _tor or thII
JIbot<-. 0Ill<r u. ot.....UOIl of .16nttClll o<:tttrol po1nt.s ill u.o <So.rit=r
__N .....d........J,::r aftlIcteda
n. p'-nl-t.rlc "",tllno of the po._nt .... lint~ on the Ilfl4!oo
bT plottJ.na: point. ab>u.t .... 1nc!l &p&rt to dIILlnHte u. o:-nterl.1M
..,... h. po1nte va" tben C'""'~ b7~ "~ It. or
......Q __ 011 tbo """"'" part;1cas.
C!'oM .-ct.l_ liDo. Wl'Il dz'mc at~~. too Us ..,terl.ial at
~ __ru.. IJtat.ions .. 1M1u.ted b:J to:. M&'M7 la.-l1:>oobo
_ ... ~u..... of tbo~ -U- .u.u.oa. ...o!I1rRd to" "talea
$ ....,00 ...... *'* ....~ oa u. po._ at 5lXl tlloot
....... to ... bw hrt" .-ad c ''''lIlo
... "Il ' _ ... te a.1 toot a1«l& taw. =-- ..:t.1<ID :u.-
,.u. nau." ; t .... and ... 1iFUl- I... sa
~
~::a~!e~" .._ -ua. lW. !be w_t1ool~ ...""~
• a1 011 dUllI' .l.* or \be _tarllJle t.o 1I>~1lldIo '""'T tefTS1:l lItd....
Wd~ ... te, t't. poa1Uao or UllI ...·d'''' po1nt ,.. 4
-6-
and. u.. .lnat.1a:l _ U. K&led dht.o::>.. at
ta. poim. tr.. U. -.~llm ..........C><:Ir'dIod OIl t.M J"ldtt and loA of tl>B
poItlt re.s-eU...1;r ......... in n,g..... 2.
Spoc1al bcnow p1.t. _ plDtt.R 1:> \be _ _ T. a:::oe.,t tb>.t
U. CZ'OU ..et.1... u... _ ,........4 to ...... 11m ~u..r tbil:I ua
."ta:-llno ot UII ~.
n. ~tri" !pt;...... or .._:- t'1n&l~ it••~ d.:),1.....tfMl,
.. tbl _1:1'1~ b7 8dd1D& U. Ue.c.i"& b.ba 00 uat tboI no..t.illg al~
lllld plotUlll _aU t~d t"" t-.tI<re be:1"'lI: caopt lId.. tI'.:s lt1Dm8u.a.
of t.. .. 1~ ...", r.ot "ecrQo4 0<> tbe pm..crJ.pt. at UlI U. or p1gt.t1Ila
brt. -:e 1&\11.. "'"""'''' UId tabulated IlO'O" the ~Uoa or~ ""Odlll.
krp 1lTegu,llr-.M.pll4 no",., .uch ...<dcll.i1&. "roo p1· ...mot.o~ _nTLl
u.. aM aveNC"d t.o lncrea... tho accuncy or "U""",,,nt.. Art:aa of
..... conatant "'....I""" VOl'<! aub<ll.Y1dDd into .~ poast.ric ohape. tor
~ .m. C'""P'lt.ototllllo !'a'oed .140 d.1t.c:h. cuaN ra1l aM 0>lrb1ng ...
~ in U. lUmar <Ilre"t.1=! only. 0II1.dIIl JIIIlIta ....... ouU.1l>ed .......
_w~
Crot. _""-1 ....... tor~~t1.......~ b:T
~_"'l"~U"" at ~C--trl.cUK! ........m.illMl.t.bclda. 'I'M cri&f..r.al
or I:M tafta1». b111'oH ccmat.rw::t.1.an _ ............. biT ts..ld
....~' I • t.bI~. -U- (....~ -.cu- or u.
......... '-CJ _ po 041i:r pt." »_t.rlo opot eJ.n.U_ n=M"p
1Rd.... orr-. MJ •~ '_"!OIII u.. *.. ftw \lie







e II (...c. ........~ U at od.pt. jIl'i...e. dri_
7 ... ... be I HI ta. : t : oS IoI'tIo -.I u..w
......._triG _t!Ioda•
......01.~ a\.lll:1q ~ U. _erU- to ~t1.aD cf "0IlII:~'"
1 hl 8lldl .. """"""'" tw Uta .~.
'b'M.. " nt.ed i.lI CIJi1"orD1.a (2.)) 1JldloatAo:t UI.t.\ UliI~
_ t:1.o~ quazrt,iU.- -U be COGlI1d1rablT l..IiIp..-d b;r
'lb:l pbow~t.n.c .....uremont8 or th ll.uant1Uu ""'" c<ll:lll:ll..md
......4 Id.t.b U. !1dd 1Ie~r4:.1I in .c :dIneo rlt.b tboI quanUt,y
~ or U. C<II:8t.n:crt;1Ql1 ...cm'd. • tot&l or 21 ••ct1.........
Jlo .. C0n'8~ IOe" _l1li b1t~ tm If'&d-& ""'" Yel'7~
••''*' &n'<!r 1D ~ "t. __ ,,~~ alZ'O -...,j U. eft"llC'~
0- 0 to -30zL, ~ l.&rnI'lIt aZ':'Ol' or. -l8.111lqllLl'G ,... ... -J,.": __
Sa ...... ' .... UliI _ at. ~t~U- nl:.h1.D. u.. v!IM
,,
_ dlcl.s.l. U-t t.IlU pt<>C>M2u;t&~ be ~ol. 1.11 tom aW:tt &1<I:Ic
til U. _t:bod r4~~ <fI"=!.lUJ1a >d.tllcat a4,luobarlta..
• an ~t.a~ ..,... rti.aed OZ' 1 l'ft b;r ... _
to tboI ,... n u.. oe.Ilterl1!m .tat1.oD. Md tom 1'....1.,°1:~
","'I:U WO c , ..s \11th t. .. q.ant1u.e., "ter.lmd b7~
uu- ",..ZGl CZ"<>U .~t1_ ..... """"" in P1gure ).
.,..
· ..... - .....~. ::::;;;0:-
o_.~_.~~ ..,--_ ..-.,
"•,










.. r t: , ftI'Cr _ .. ~2$ (20'~ 1&l'd8) >dth the
15 -U- or J*.wd~ llitell; bet. 4uo to __It.d ._ in Illlaobf SCDIl'.
~ JJ ..... co.l"IIIt4 fDl • ..-..-..1. l.D U- .t<o_ IIDCllL s.-. allt ...."
...u "1Ol" u. -..b of U. -u.- -.-l.~ 1a l,.,\U1cau.... ..
.. ebtainId tv _tUlle ~ t>A> I>lI1do1ntifL)d .-et1_. :n:.~~
•
• f;>oilIcll pbcrto~tdc .... &14 <ra'lUt.ie UlIli 0I>l¥ 16 hot. ....
0.7 PO" __to !llU err<>T 1.1 do ....,.,1nt~ it .u.w tro. UlI _lIAt.1Ql1
fit ....~ p1J;a 'rrar "'l4 ""\'eral ..u m- Cl't'Cl"8o tt. .l1aL:lo.U... or
tbt Wp pllll 'ZTClr' ClIUHd tv all" CO""" and _now rollUlt4 U 11 tet.a1 ."...,..
of ~.s tHt 01" loS pol' ClInt. ErTan! 11> ldent.1fi....U .... _to be t.akoa in\o
''PM
IlWV-IOlL:l' ..aU.... <>t vllat "'1"0 OWId.<lored to be .D<IdN __
_ _ MINd &nil ~d. 510>- OOZ'l'Bc1:.UIntI w ... app1Jlld in bot.!> tho
~t.1>d1llal .Ill! t ....P1In- d1reeU-. Prl.ao.rll:r'1'T'lIMI 1D 1dIIrrt.U'ieat1.clft
-.-
_ ...__.' ...~ bR_n fuld aIlIl~
....... 01 .' In, __ ~ ... 1_"'1>10 to 1l1..1nlPd,h .,,",__
_ ....... u. ....... '*' OITar __
ht.t.1.. flOOd -.-1& bcI-... U. t1a1.cI ... JIbcrtosn-t.ri.c
....,ut1H .. d>t&1md la U. prcl ra1l CICIOIPrl_. a..- ......1.cIDs
-. ........... tor ..to~ .. 42$ (-u.O non) wU.b u. "me- 11>
~ rr.:. 0 to ..0.~ .._ ~ tha -.u c:ws.., 110 alopo ... ? ....."'t1ars
..... epplied.
lll11dtI ~h ...... _ell in 12 d:1tterettt gI"Ol4a. nm- at u.
12 UOUI'I ...... 1.11 an'Cll' !'rail the =n:rt.r=t.iCII"oord. It ... i:p»s1bl.a
to d1~lah__n pclIlW plaOMl prl.... to _tnu:tJ.on and DIY posta)
t.llIIl'Ot_. tJ>o photo~c count. 1"" 54 and t.llo t10ld ccunt 4h..
&tght pcl8t..1' ....... llIM:Lo<l in :m so-root Mation in wh,illh nil &U1de posta
.... l1efACl by the QCl'lItNction reCOt'd. In Mother ..,atlan, two posb
.,. """'It.N in the .wren _81 tor ll!I.1cb. tJ>o CO)Ntl'\lct.l.an ...card. 1l.1tad
-.l.:r __ It ~ be Ulrot U.~ ...ooro1 _ 111 OITClr CIII tid.
OOWlt~U- peN ....0 6I1'l.l:d.te];r all -J..:r_~ f'Ulo
M: , 9NntUy.
2 • __••_", tID iDl:1adIo _U........" t -.I~•
.. __•••'... .~_... to toM .u.. DiI





'" '" '",0:-,... '- - ~.,-
-"'-
"'.... ..-.uta. .... 4 Nd ud thm .. _ ...",101011 Qr~
... to UII _t.er 11m datuII ... _1'\IJ'Od. 1rI the &14 aul ..c~
111 _U.., the ~t.04 'I"Mt1u... ""',.. 111 UTar~ n.u
___.... lit' .. -)•• &Di UIe adJ-tad. ........Uu.. 0IIl1''' -z.~ Eft<In
_, ' tz- 0 t.o '_J ...dbJ.. __I on tno. .oU_ 1D. oIdcb. b t1d.4
ft' nt. for az,.nUa> .,. 0. 111~_ tori UlIt~
N-.l U. VI'W rrr tho an.>dJuatecl pWqz \.rlc q>am.l.t.7 ... -u.,
I"r .."t. _ -9.9$ !'or U»~ qIUZltiu... b poor~
bioi n UIe -.t.N4t101'1 NC<lI<'ll am the tjald _ pboC"O"''''tr'..c
qI>Al:Ut1.. 1n _nUcm i. dim i.lI .-rt to u.~ Cl'CSa ..et1_
wtd.cb b&4 to .. \I.-.l 1Il. '*"¥ plat:e" to all...~ ; ...U.... i'hI
orill1n&1. tl.dd t.on.1n d&u. did not. ~"'" to lID intezoQ8pt. vitJI t.bI
pbl>l:oua-t.rlc t1Ml Orul .c..uon ud t.. ..NL""' .... MCtl_ llel'II lor-.
..0I"teaHl. &II 1/lQIom 1ft tht top d.1a&rU in F1gur....
ElorMl< p1t qW1nt1t1oe tr:r nold altho.a IIIIClWIt.ed to lo;)662 cu.)'II.
1M uMdJUltAd JlI><>l.oUa'-__t.r1o Cju.mUUI.. ""... 111. 1rN!' D -S.1$ al>d u.
adjuRMl qlanUt.1lt ~~ 1m IlT<lI"1' rani'll!. t...- 0 to .. -.<>40~
total _ 1:.1_ quanUU•• tar u. W\&dJuaW<l~c
.....~ ...,. 1:> IIlTOI' r- u. tldl1 qanUUn tl7 .. -J.G and the ad-
""fWd. ~u.. _ ... b lITO:" tv ~5J.
tile~~ erT'llZ'a u.-l 1zI -ldnc u.~ oL~
........,"- IIIIV' .. YW7 "'1aert' .y; it !lOt. 1zlt.eJ'JftWd vUlo.'V ................u.
~ ... fII qIIlmUU•• iJrfolwd. '!tIa U ..pM1'117 t.ra fII~
i
~::~: Iift'OZ' ot .. I ,aN CIUl .......u. 111 .. TW7 J.ar.-
-. Ia -.a;r~ UII ~u.. ...:I. _ .. luSlI
__ -. UlI rl "t. pn ' ••~ _ ,_,."....
_n •
.. .-. ~ Lvp ~it1ell. euah .. to'- t.Gt.al pzdap fer
.. ."..~ ~ IIbGI a 101 por-.tao ........ and ,..t ba-. ..
JUt. _ U-" 1dFt. be c:<al1d.• ...:t 1IID:I&1I'&tl1:r lu., tar pq .... : n ..
nn • tNo~.... a:-r<>:' aUlocl. hLo UI1. 1nhe....nt. dill'''d. U is U.
~ _tbed .""""'i'. lor ..n1Ja~ e&!'1JIIfc:d< quanUt;;r~
1arp P1~ ~ _rallT ..aoe1ate4 >d.t.h a-.ll
~~u... aDl, J,J• ...u. Plrcen~ .~ .........N.l.17
...""'-tAd .•UIl~ ~'.-iI;~U-••
s.-~ or 1Jd1n.u.J.. eut.Iooo:"t _t.1aB ...... ca."1n..s.
n~ to ftrl... Ikpt.bl or ~,..~U... and ._k-r:t. an:!. .."..rod
with tot. ccn.wpmMna tid'" cpact.1u..•• the ..J.c:ti"" ot aeti_ tar
_ cS.pt.II or cl...U1cat.1ca~ l:Ia.doo ...... rot1&t.1w bub tv' .~lOO',J1c
~ or the ...rial pboto~ tQZ' t.bI anU... le..,;tJI or U. proJ-C't.
Tbo... cl.u.u1..t1olla lnel.u:iod elail"" ...~ llM d...p cut and t:Dd1\llll
or.. paroofltaglD e""OZ"D f~ tom ~0113 <Nt and. nu clf;...U1caU_
.....,."", t't'OII 2O.S pol' eMt. tor .. unad"...ted qIlAntit.)' of ..h&lJDw cut t<> 0.4
p"l' C*'t lor .., """"""...ted quant.1tT at "'p.tUJ.. the pe.....nt.ap ano..
.....r&ll.T /ou...,s an tnv'll'1lO 1'8J.I.tJ.0Mh1p bl_ u.. ~pt.It. ot tJlII ..&rt,bo.
va:t: and. u.. ..~ at u.. pe~ ..=.
Ia ac.it,1dQ to Ulo ~'.t ..,~ ot !1roal ,..7 quwrUt.1aI...
~~ r1I ...rUw.~q _ ~ hrU.-1
--..or"""" .. _ <II U.~ criUetJ. ....Ul'ltI _ 111 u.
.........t.'_. fill _' "* ....,u,UM. &111 U. 111 .- _ ' £ $.M Ad.W
7 u. til alq. =: '*1_ r.. ao.-. lIIMUU., bn
.32.
2 III ,ten:' .. tv' >dl1c.b to »qI t.hoI • ...u-1, ~CQ' ~ IIIpIIt.
"., hill eN., U..~ tor 'Nrt.1cal "'Clll'aG,7 or __
SS? .. ...u ••,.bJ·Qd ani ...,. l» 1-.1 ..... 1rol1cat1oD or t.!>e~
__~ wtd.llb epGt eJ.nt1<Dl ...,. boo raad. c.rt.ajn _t.bUcal _ 'M
___ l» ...." .. ."" 1J:dI.c.a.U"", or p"",id_
no. ~t. ....ceo=;p",",*, b7 •~ or th1d ~:u­
&lllI ba-. u... e1ro'l;U_ with co:-napmd'. JiM>'"..ocra-\rl" .J.n.Uaoh
tzw,ted ... r&lIlbl~ rr- t.bI popalatJ.m OIl pWdbla -.wru.. &lllI
b&-. u... w"uc......tillp. n. ::III.....~. "'.....rd dnil.t.~
aaI. I'a.>et or U. ItITCll"S _ .. c~rI;oM!. &Ill! t:. tn- NIlS cI1atribolUaD of
.~ ... it;YlIlJt.1.pt04 tv' tuta "" !:hi _ant ...." ..~ or t.!lII
1.D:l1Y1dl>1J. ~a ani ... t.hI Tlll'1ancee witJl1rl. a1JlilollmdN.o
~ 6 ell... UIII treqwmQ' diatributJ.Clll p1ottoK in <"'FI"·.' ....
fOIl'll with U. .l»o1lIl1& .ca1e ~t.ed &CC<II'Iti.r~ to the 'I'M \lJ>Cln •
........,J, datrlbirt,lon "",""" The po1l¢1l "'t1"O plott.4 m !.hi baalt or
W-.&l&t1V11 "",. DInt 3D.. t'- t"" clan bound.rio, of tbl $I'l'QN etart1ng
>11th tbll J:I.mlI vall>e.. n. diat.:-1.bu.t.i.... of U. el.n'eUOIl C"I"OnI is i.e
~ qrMlOImt with U. naroal .u.trlb\lt.1G11 l'\lrJct.1Gl1 Ilh1ch :la ahc".m bT
•~.~t Una. n.~ ot th1II <l1.JtM.J:o.rt.im :la
... ' -hed b7 u. ra.:t t.hIt .,.:;h • Iti>Itrib:t.1c:i:>. >d.ll Is"". ""....,•.,"&
a1"~ _ U. tGt.Al $rraI'.
tiS 1-M1;T 90 PQ' ..1<1:. or tI>o pG1ntII t..tM tall wiUd.lt ta
__ .... OIl *..u hd .. ..u.Wd trao u. a.I1aU"" tli 4 •
• S '.'m 116 ...... 6.' 'he to tbil -.u~ .... A or









• • • • ,
•......~...."'..,
...................0IL0It'I' _ ............. EU>oo_ ..""".......
F1,pno 6. ~t1_ t,.,. ":/ u.~-u..UoII. ~ p8Dt.Du-ViCl
.:l.nau..,.c~ >d.t.ll fald bue u.. am .....tn 11.-
~.~t.ioa.
·...
.. • " .. :u. tal bue u..u~ .............. ~._ \0
wl-. ~ U. _. ftr'1ADca.~ cs.l'1atUm. and l"aJWO ~
..u.~ ""'" ttR' tnlbidua1 ..all """" bo:YOIf pU... '!b1e
....n.1cID ~ U. 4I.t.a _ -.1 t=ce ,_ ...ell .....aJ. ... 1l>dtpm<iod et
.n "I' .-11I1.1 14 ta. 1Jt>o4;r. II1!taren"q 14 aoc.....aq~ t <1-<:'".-4
.a.. -= .-J. __ ...~ <:rl....wd ...t U. ,...u~7 ~ U. 4!.aposit.i_
_ Ieel n- IIOdIl to~
tho _ t~ U. 1Id1Y1:bll s:: ]a NII,pd. :r- ... 144~ t.o
o2n f'wt &all U. et.ar<l&ri oSaY1&UCIIl _'lpd tra:o .120~ t.o .314 f'....t.
!til ...... r ... tJw .,Un FOJllc:f; __ .009 i.t wUlI .. .t&nd.L.-d. dn1&t.1QQ
of .252 tNt. !til~ ine~ __ 1." hott..
~1a Qf~ 1m1cabd that u. .a)&D arTOr tor t.. . entiroI
~ .. net a1C>1t1eantJ;r dU'ferellt n- ""' lit t.hI .tift pn c.nt 18".1
or a187'1t1carlCfl but tt.&t u. ""1IlI OM"Ol'S tgr :ooet of u. ...sal..- "'N
~cant1,ydU'terent !,!,,,,,, zezo. Sin,," U. ro&nQll of errol":l vaWl
1Jldtcat. that no .~r10\l11 blunders m .... IlllIclI. tJ>.... t..ftt~ V<IIIl<1 8""'" b
!Il41eat.o Uv.t ",¥aWcatb '1'r01'lI "",.. opn'ltthe J'rc. IlliXWl to~. It
....,.. Ul&t. thl ... Q'lIt.amUc .......t'll CIIIOpIlU&tad _CIh ot-'-r in aucll •_Jr Ulat U. _ or tJ.l. an"QMI w'" pn.ctJ.caU,y ..1"0.
To _ 'l.I.- preeidcn of allpaUon reacI1tO vitll1ll tot. ..sel.
WpMt.Gd. .l.rtatJ.ca rMd1D01 _ .. mda .t n1m point_ .-hc:ted at J'tIrldca
fI1DI ...bdhb1~ of .. aillgla -s.l ...... or- lrm.....ct. .......bD'
.... " NCb po1zII.. n. ~lIVe ,'ed and~ "Iv'
........... ~ u. .....~ _ ... towd to ••J..-dttCoarltJ¥
....... tail' ft_ ......1& Joo...lo
• a u. ot W. t.oR..w.d t.o ,rwt! •• te u., t.lII nrid1..
'" ok 1M rr 11 ; , '" cmJ¥ .....~
.".
_ till .....~ "'-1c:b~ J'eod''\I U .... 'dUd.. U. ...1-
.-K .... to dAc:1d1o >d.th anllll.1 plDtt.1.n& aJCl'u1,"_ 1n "*ddl it.
II d u.t. w. e1a'Iat.1am <JIl ..-~ ......... d1tt1c:u.lt to
'. u- ..u... be..=- or. the Tll"71=c _IN" tJl ¥am! ...... anIl
.. Wr:L&;J NlI1 \1lI l.&d< gr _t:rut in~ an:l wlT&1&
1D~ u.u .~..... &t~ .... ...s. to a~te
VP1o&l C«lIUU_ 11>4 ntut.1ocs. It.-A t. NC<IF1-.4, bow...:, tlat.
• _cUon of~ can la cla...U1od.. 1.1P1~. Yart.r.t.1.l::n8:l.zl "'rrdno
laDS .... aa:1 ~oal. '_tu:u at~ -.loI ~ .... ~.1b1UV.
lOr _ U. ~Ilt or~~. vld.cb ....... -"P' )ocI. be ~s1.tad Q
"""....taU.... ... V1do ..~ or ~t.rio plot.t1aI; 1na~::ta.
~ t.1.pta, and plott.1n& J'l'OCO'CIuf'es cou.ld be ...-d. in an .....rt.o.Id.n& or
w.. ture. Cal.rtJ.on _to be eo.:Ilrci.lled, ttllrot...... in &rQ' 8"nerall....u...
01 U. ""lta lU'd cmclJ.lalona or tll1.:> pU'Ucu1U' sW.<b'.
hca IJlI Uj»rienca ...,uned in t.llo IllI»cuUon or WI. etlll1)". 1t
.-;r be ctllcluad. that tbIl pbotogr trle tIlth<Jdo &ncI pro""du..... ~embed
_rein f.l'lI applloatu.. with Hmy'" gard t<>t' llCCIUtOy. to thc~
__ or tile rollodna' t1Dal p&T q-a:t1tlo.. ~. ,...,Q'ltta~
...&~. pPOd .1110 dit.cb. aaMi'll!. ~. I:"U'd rsU, &rA
:a. an. _......... 4; beu-tl. U. It '1& l.rU ..-t;.'_'
M_ qwIIL1u. ... U. ..........pmdl. ...~u.
2 ' t.1II? '·1)7 tr- UlII 4IW SIll U. 1'1eW._
- •
-u_
a.~ ....nkwllt. qu,Ull.1U... abo ......... I"Od
au rt 1d.U> ""- COl'ft~an11Jl&QUlJl.Ut.l.oec~
e1Aoc:tzv.dca1l;J boa cl.atoa ill !.hi t1e1ll. Cl'Oee III'Ct1oD booka.
104J,,,.~::d. ol tba ~tr1~~k !pU1t.1U.. to &II
--
So !lIt .......ta4" aft'<r.l .....r&1lS 'I'ariMl. i..-n-l;J nUl toM
<IopUI atIlI .". or I:l>I "'""-""'ark~.
60 !hi pboto~t.ri."~ of """,,,",toe p&Ylt_nt wi
..ppuric>ao.... _.. l.D. <:leu ."'" !pnt, with thot "...t.Nct.i~
recCll'<1 ••III>n~'. ('!to peroo.,\taG" arJ'Ol' .... tor all
p:oa<:t.1cal ...."..,...~. "';"<1).
7. IbiI t.o tM c<Jqlenut.ion or .. tIw lare- 0 .......... U. pho~
~trlo ..........""'::d.. or p.o...-d IIl.de d.1tch 811"""d tairlt
£Oed~nt with tIw oonot.N"Uon ..oo:rd. (Th& pbot~
sr-trio ...aa.......nta _ .. in OITOZ' by ~J.1. JIIlr cent.)
a. I'oar' aar-..m. .... obt.a.1Dod 1Jl toMc~ of pilat.
~t.rl# quant.1t1u or ,oeM'na: witb tht ~p.....llnl
oanct.zoue>".1.aQ ..oar<! ~t1u. (b ........... -l5.4 JI"
_1&).
'" '-'''. .. ... Clbw.imd 111 U. pbot"....._ ........
~-.l~~_tlnl(.~
_)D.'S- .... )
•• it C $ tria .'PI h of p.ft. Nil. wn 1D.~
•• 7 III.~ U. -,",cum......., _ 'e (a-
S , 'e b atl ...~ ........)
_16_
........tor1o -..to of oddIo poeM did DOt~
..u >dt.Il tM ~..u-""en~ (~~
I • l1at.-cl. • Wt&l at 46 .,ws. l"'I\oI I , ....d. t.o u. ....-
ar--\rio 00Id of ~)
a<l1,y ~ U. _11ldn..,. .~ b..'1. &lao tar u. nnallltap. oL l.oc&Uaa
-. .»11F .. ...u.
),. JaIInf..... L Il.. ·noto~t.rlc )le'''' ••m.. of Flnal PI,:r C<;;antiu..
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J. P. 1;c1r>O'Un





PI .... II a.pcrt
L1.o·...·)~~
"..... ~'ae--cb?ro.-c:t.
P. to !'~';'~':'_. J.o c
II" r.. wi*....-.. &. , , , (Ir,," Soot.*.)....-... 11I ..
no. r-port U lubll1ttod tlX' U.I ncar<! Ind tot' ....1ouI £otr
Ultrlbl.lUoa.
-
-tn.t:t1o Sr-4 llepm-t """ 6')5 ...UOClNd !U' IIIodd:r :w.;r. lftdIate
~ Ae.bw.t .......... mu is r.:.hc'*'. 'ftWo JI"'Ocr-<' r-j><n"l; ....
UlII _I",'n&~ '"~ t.r... hu been......mew Illldu tla
, .1.11.l.a of Protltl_ K. 1. »Icbee)
!loa ~.of Ud.. lltuq iDli-.te tha~ a;-c!lI '" ba'1l ~-.~
D&I'lI ...s v."clcll _ al.i,gllu;' ~s" during thI ptr1cd or the stu¢!' thIa
u.:r ... 110 ""'1:"1\ 19'~
Copies of t.h1:s np<lll'"t. atur IlCce~ to' Uw 110...<1 will iJI
IIdlt1tJ.oa. t.o the.... 1 otI.st.rlbllUon also t.t~ t.o t.!III Tntlan,g





la' ,S" Ids-- ......
pW' tIO.
'e f# SPOf S'mI CBStIi.VJ.fiQI • • • • • • • • • • • ,
....~ KD.D .s:lUftI " S, ,,,. ~L " • • • • • • • • U
• • • • • • • • • • • m
'·,m "mt?lElQI • • • • • • • • • n
loa, :J1.-?2 KIUS .:am rI' P£lttlIsa.eG • • • • • • • • • • • •
La. ~ .7 KILBS llCII!li or .L"'RICIlS • • • • • • • • • • n
loS. /,;l..:LO JllUS~ or """W' ro• • • • • • • • • •
m.p;
""'" !!l......... iWl "'" om",
'.L sz....l.0 MX1as IlOtml 01' S, oIer, S,R.. 28 • • • • • • ,
v." 52-l.0 HILES "'SST Oi' lI.OlIl1IB • • • • • • • • • • • ,..~ S2--2.2 KILtS IIOImIlE5T OF mll'~ • • • • • • • • • ,
loS. )1,-7.2 J01.1>S IOlrH Oi' PUll\:[SIllll.G • • • • • • • • • • • •
.... ~ .7 IQLSS swm 01' J.HERICt:3 • • • • • • • • • • • • ,
.." u-.LoO KILCl Aami OF JlMm'1 •• • • • • • • • • • • •
MlT". IUIUL SI'IElI tllKilDS 19fo2.:1960 ,• • • • • • • • • • •
DDiElllliiT.u.L.....,... • • • • • • • • • • • • • • • • • • • • • • •
1lIb "'l>"r\ _:IS cpot spooo4 ot-rnU_ ... _ina till -u.
c ~ _ Aj:rl11960- AU" I 1.aU- ... -.If or r- -iIl&
.".1.....~ -"""at ....u....... at I'\Iftl~ %be 1DcaUcQ or
U. IpOt .taU- ..,.. u.. _ .. tor pnrt.... at","" ta4 ....a
..-.
1. U. S. )2 - 1.0..u. IIClIth or .-.h ~1ClD or S. L 2a_
(1Qal w-)
2. tI. S. )2 - 1.0 .u. wellt or lClond1JI:8 (1:aoJ. lawa)
,. U. So 52 _ 2.2 ..u.. ~~rt or~ (2 :.-)
... u. S. )l - 7.2 ..u.. I\Ol"th or P8~'-1: (2 lanM)
So s. L 2' _ 0.7 .u.. a'lUth or '-rl..... (2 laDad
6. tI. S. 41 - 1.0 Ilia north or ~ll (2 laMa)
An Bho:t~Uc ~ S_d HoUr WILlI ....,4 too~ t.bII dda
tor t.IWI aW4;r. The lIIIlwr 11(18 concoalod u .,..-t; at .. l'\Il"al _Ubc:cc Uld
p1ac&d cloee bT t.o th& ad<!Jo at tm po._nt. It .... d1rected a1<lDII; t.b&
Irl...-:r at a ....:u anI1a 14th ",a~ct to tht dineu.... at t.r&tnc ao
u.~ it .... nat .._~ to ........ VJd,&o ~ct1.oa to u. ..d1np.
tt. ct>_ N" _alad \hIOaael..a tre. to'atfte .. ..oh .. 1oalJ.
-,It,_ pend.u..d &I'ld it is t.ba:o bclli~ Uat u. a~" or U.
.Old ~lM wr- _ 1.r:ll'1IM'-' bT t!o&~_ Ill' U. ""'" •
,.. ...,. Ii 'prell:t uari >dll lICIt~~1¥ 1l~
....... =1. __ u.r. Ill.- 1/2 Yalt. ... pla& 1~ no. u. opt •
...u.. ..~ _ u.r.r.. ._d perlod1~ 110~
0'-
.. » of tilt rnulW at W. at.wl;r, .. ..u .. ~ U. lu*
S " s. u &1_ b !alllot L 1JI:l1&m Sta'" law u.l.t.. u.. iJs-d
• eu'lI U1dtru.a.. wdo:r 5.000 PI"ftIa (ON') too 65 ..u.. PIlI'
n. ..-. Ualt ot~ ....... ',COD~ (OW) 111 50 .uo. PW'
...... aU~ ....-pi. uat "'" toor-lAm up 4., wtd.ch _ ..
Me Rrip at d t.et _r&,. !let l.n >d.dtllo u.~ l1m.t :b 5S
.u.~ JM.r. !'114 _ 4 ll;d1 tor I:.NQ:8 tIM --.. l..D. .u.et.
a- a!Io<ItIt. "" 1~9. 1 _. _. brl; DOt. a.U.. t.r-.,* opeed. 11.-11;
d.t:- m ... t.on pc.Wd &1<E,g u.. state bSC'_" t.o "n.ct t~ ~.
1\ can t. ...-4 tIlo:llI#l. tba~ ~ .......... la.twt portlm> or U. tnId< drlYU'll
.... OIl t.lla~ l..1zI.t. cboJlat.
tNcl<~ .... Ilt.lJlIl> 1tt U. taba. tar u.s... 1J"Il'4IlI' l4f!t.
quclta. tIN"T t.nIdc_. and all t.1"l<:k.. Al.eo. 1t 101 DOted. 1lIIIlt.bn' U.
~ 111 2-1ANo ... /0.-".,.. All 4-JaD8 obeen.t1.... IJt.at1clnl "" ...
~ wit.b .. .-cl1&n of ,.....,.te.. thM _nt;r het. S1tI", ...1Ol"" ..
alit ta 1n th1a .~. l.1g11t t:uekll (lou tbM 5.000 p<JIU>de) "'""'
_1de d t.o bt orIJ,y panel t ....cks ar.d picl<-up t.:'\lc:Q. AU ~t.r t)'pl.
01 t ....cl<. _" 04..1l1e4 lis hi.,.,. ("""r 5,000 .......,.s.).
TIlt pI......r C&J' d&t& 100,.. alao cl....lfi64 lntoo t.hroM ~.
~ .....t ot ,"",to, and. all~ can. h cwa1Nc&t1Ql"
~ b7 ob~rrtne u.. u_ plAt. "'" Mdl pI.He...... QQ'~
... 7 'au.. .tau.-
.. t.bI.t &tI ...,~ .... t. ...s.~ u. ...-'" ot
..._"""" _ \Ill 1aat. prn1_ RoJd:1. 1M nnlta r- __
$ 7'- ,. IoaUr.~ ... tabulated 11> 'l'abln n t.brcIoIIll 'fJL
, ....~~u.J. ....... _,; ' t ~
.. us, til .''cl_ tU.o Id. .... a 2
1I.-..18 ............ "C t.l'C* 1a ~&U. ........ -. ___e..., -1960- 1M pc .tle ....... __ .. ,. ..
-, -
_"". ot the 1Nt.~ 111 JIllT ..s~ til l'nt,
.._. 111~ an br1an.1' .ua-.-4.
~ ................ for all~r cue 4loeftU14 ll:r L.r.. .u..
.......~ Ule 1Nt .mctr~ 19S'1) vIl1l8 Iftl'qIIO IIpMOk !~
.u~~ l..1 .u.s i>SZ' hQr. Imh..~ oan dIo~
tIIeU ......... ..-do _ 2.-lam b1~ ter 20) .u.s per bour~ trB1I'
• = .. apMd _ 4 Msl-.n dI~ ter 0.) .u.s ...,.~ out.
ot et.aw ...."'II'f' ds... ... U>o1r ~ s)lMd 0I:l~!d~
_ 0.5 ..u.- per IolJwo v!I1la \!BiZ' ---" CD 4-1&m~ ....
_'11 S to" 0.9 .uu per Il""h
'!tot ............~ tor J..iBht ~cb~ to" l..2 .ua. pel' bcqo
_ 2-lam Id~ IWl b~d 2.4 ..u... par Ilaur em 4·J..ar.~
For ...."7 ~b U. ..~ tpNd dIocNaMd 0.8 .u.s peT batIz' llIl
2-.lam~ and dIIerB&Md ~8 ..Un pet' IlOlll" _ 4-.lN11~..
'!lw 85th p" ........tJ,h .pee'" ter all pu......r can "cl'PMd q, 0.5
-u.. per 11_.
'l'rImd. W_Uoa on tID ..ve~ ••4 or paa.~.. ll&n aDd t.Ncka
ta ehCOoIlI in r.&ba 1 &Dd f'1D'" 7 and Il. 'hbloo 1 U ...~ at Spat
..... ObM>:"ft,U_ c:a InilliIn& Il1ghw;)ts torr Ule un elg,t riultitls am.
.....,.,. l~ 'tll1a~~~~d ~t4 \hi "'l'ftIU... tor
.. '"_~.~~ IMglMva lIII4.ul~ tar both pl:1I .1'
...... """1.
Pi.-. 7 1.8 .. CNPll.~ r\ll'-.l ..... '"~ n-l~
.................... _ tw ,.......r _. U&llL 1onoD ..~
-,-
~
:~~:_~ \Ncb. tJ.~ dUhnnUal ~ U. <t1UJI_
__ ~tu. ~ ~llII:'lr .... atId l5UI ......at.u. t1I.
'" '
·..,..
• 'V 07 IJ'O! Sl'IltD 0HliZfJ.'1'1I.III'* lIllllAllo\ KlQIWB
U,.. au Ute v.l:IiDh. on w..lo Tanpllt secU_)
_.-
"" ,....""~----!!!~~_!l'-.P.'.I' -
~~ .... .... 'M ..., 47.1. "" ....
~'56 ,~. ..., ,~, 6'.4 ..., .., ...,
""'''
,~, "., ..., .... "., .... ...'-,,, 'M .... '"~ "-, ""' ... 47.'q. 'ss ..., ..., ,~. .... .... ..., .,..
tlu'.'" "., 'M .", ..., so•• ... ...,_... 55.6 ,.. 'M ...' 49.7 ..., .....
JIll'. '60 "'" .... "., .... ...., .~, ...,
"'boo '56 ..., 40., ..., ..., '7.8 "" .~.
..... ·56 ..... .... ...' .... ..., .... .,...
""'." ..., ...' .... .... "" .... .,.,..... '11 ".' ..., ..., .... "'. ..., .,.,
.lllll:' 'SS .... ...' ..., ,~. ..., "9.0 ............ ..., ..., 59.0 ..., ".' 47.0 .....
.lllf:•• 59 .... 600' ..., ..., .... ..., .M.... '.. ..., ..., .... .... "'. .,., .....
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srREN6TH AND VOLUME CHANGE
CHARACTERISTICS OF A BITUMINOUS





ll&rol<l 1.. MioMa1, :Ie~
A~ 1.1960LL~.~
.,lcdm 11I.....,. ...Ud> h'ojJA
II. 1. Mldl.-1• .ba1.taDt !lift.....






Go. '-~ (It. s. Scott,)
r. r. IIIw7
.... T •
At,t.6clIH 1.1 • dllI.l. ......- t,1t.W. "St.~ &ad 1'~
-.. Cbl.n.ctaI1.aUca ot. Dltnwl ....~ ..... 1'ri.u:1.al t\o.~•
• .. lIMo P"S*'" 'tr7 ..... "... Il. 5cbaub. __.. U. <U.r-ot.1CIQ of
...,.._ II. It. ac.t.o.. ,.... SClwIb abo uaad Ud..~ •• !WI
....rt.at.1.on tar u.. l'tI.D. ~_.









The _toe.. u w._ to -.n;;r 1ncIIY1d...:L. &:>II "rpnb"t.l"'.. (fir
...si.......... _t.erl.o1 _ ..ral. vtu.."t _e~ Ulh in_sU&-Ucm ....ll1d
""" II.ne -. &e~'I.d;. n h I.apo..lblll to ",,""phe t.b.oo aid or
.u _ eoctribv.Wd to U. c~bU"", or u 01<. n.. tollow1n& &<:1<-
novLooIpioIllt. &NO •• to t.h>" -.... ....b\.M wu paz-t.leularl7 .11-
n1t1.~.
th. Joint. 111&11_,. !lot,"""",,,h """'~ct or Punl... 1Jnl.....1t,.. """'f"ool"
t. B. _., 11l... ctoor. and Ilean J. W. \ll.1tt_r. or f1.rpn1.& PQ~c~l1e
In.oUtll1.e ...... in.t.........tal in pl"O't'1dlnf: th rw.:l. w.lcll -n&blM tIM
.....iter to Pl"OCM.s "Uh Uad""te ."IId,. and d.
n.. lte .. lI1.h.. to ."P...... /do; ..OIl .inc "WN<:1.tlcn to
/'rote""r H. Goetz for the tw, .uppol"l.. IJI<I '1\COW'~t t.I>It h.
continur.l1:r p,.".,1<I1d 1\111.
Dr. C. I..~•• I'roCUSOJ' S. J. Jade... &Ill! Dr. R. II. Lowllbu,ry'
pl"Ort<Md ..nl ""PPOrt and tAlcl>nica1 t-Wone. U"'t ....xt.....l:r ..1-
abl. to toboo Ml'"1Ur dllrlnc t.h. ck..l "t ..( the at1ld7.
'WU,.. UIe all""," b d"'P17 1adetl.oM to 111. w1te. _ ...,........_
_ to talth, -...I _t.oorlal ...11FW11c• ...,. UIe ....,_t'\Il cancl ...l"" of
Ul1.& .l'llllT • ..-lit,..
wu " "'""'" -un 01 tARl£5 • • • •
U:lT Of PIGl:'llZ3 • • • • • • .u
=. • • • U
IllT:lXll'CTlc. • • • • ,
!lhnW Of' UtElll.nJIl! • • • • • • ,
t'r1A:d&1 , .. t1ll& of Solb • • • ,
TPtuial TNt1.Dc or B1tual.nov.. 1U.rt..... • • U
Itreet or UMo Binde... • · • • • • ":u.n-.c-e or s-J.. ""'po.nUon • "Crl~ri. tor St~UI Iftl...U..... • -
AnalJ'ol. or3~ TIle! J)o,t.& • • • • • • "IIal.at.1onlhlp ot .1.1:' 'oid. 1.0 KJ.xt""a ~."" "lIIn",nco or Spe<:1t1~ ''''Tit,. 'al".. • "1IA'I'ERLI.l..9 .um flIOCIlDUJlES ""'-t..rla1.1 • • • • • "Bak b1nI: """ IIh1n& • • • • • • • • • "c-.oUon • • • • • • • • • -Cont""u.... T~...t..,.. Iloc:oo • • • • '"Vol_ KituIlT1n& 11...10' "Tr1u:1&l f ..U .... ~nt . '"Triu1&1 TIl,t "'""'""'''''* • • ..
....po.n.u... or Spec~. tor 1..t1:l« • ..
Jotdl'll Prcood..,.. tor !oIltw rMU • • • • ..
Slow It.t.. or LoMI1nl; 1..4 • • • n
lat... su..... t.e<I 'rut.. • • • • • • • • "DUuHllb1J' or ,..,1 .lppant.. • • "~... u .." or T••t P'roe'ecIure • "II3IlLn ..-;l a:llO"U'Uncu • • • • "• I ,,01 Data "• • • • •~t..a "latl"'ob1". • • • "1IDdoIl_ 01 Dooro.....U"" • • • • • • • • '"~ _ St.ab:l11tJ' Do-t.t.naiAaUo... • • • '"Yol_ ao..c- a:.-uruUu • • • • • • "
SlI':llU1' (# II:Slll:t,
""'""'''' • • • • • •
SOOlZ5rIe-S POI: nJlmlIlt 1l3S"'R"Il • • •
LIST or i&''''''''''CZ:S • • • •
O'...r&1 .. r....ne•• • • •
nfj. • • • • • • • • • • • • • • • • • • • • • • • •
tIoItb",U«l IlIItlo lind Angle ot 5b11&r1n& ItNh~.




































I:tCtoct ot TNt _ ........ Obooel"ftd St""""",
'01_ ctatee. . • . . . . . . . . . • . . . .
k1&t1<>...Ilip. eet_ '01ll eoal.oll"t .oM StI"llQCtll
hrht1an ot StnqUl lliUl .t..opaalt Coa:.-t
_111.. ot o.t_Uon
o.to...tlo>a bt1<>
.u'fWlDtt j. ~ TABllU1UI T'tST m;uL'!S
.iJ'mfl)U B _ TTPICAL DJ.TI. IdlD Caa'UTATtOliS
IJ'A:lo:Dn c _ CCJlPACTtCll S1'IlDT DATI. •••
IJ'R2lDU D _ El::UIPKllll1' e.u.IBH.lTIOti DJ.TA
IJ'f'Omtt I: - llEIU\'A1'IalS ••••••••
•
10. !h SttenctJI ,.....u... at 'dh,..
ll. o.to U,," !!aU" Resultl .1& AoptItJ.t. Content
12. n.ro....Uon btlo Reault•• .5% Aapllalt Content
13. 1)plcal H1Jl Raeol"Cl • • • • • • • • •• • ••
1./,. 1)pkal ~d_lI Init.ial ChuacUrbtio. C~t1D'"
15. 'l'n>lul !loat Doot.a ••••••••••
16. T7plt&1 St.... ..-.I Stra1Jl e-pUU.Uonl
17. 1')p1uJ. .,,1_ ~. Void Jto.Uo &lid ,..,._t fo14l
e-_U_ .
18. 1')p1e&l ~_t1<>". or 0 .. &rid .!It. _
1'. !)'pinJ. o....1t7 rut. "'vJ.U ....•
























• • • •• •••
5. hI t.o Do-t.alh or P'1&uN 8 .
6. l',. 1.0 o.~. or 1'1«ure 10
,. ...ll1ta or Ta.u oa UpbUt e-t
4. "'vJ.u of ~ct.r1u.Uo.. r ••ta
7 • .s~ or bau,lh ..•••
S. lIo'hal .... or o.ro....u .... o.u
...,. ....
21. T)pl-.l ~.t.cIN Cycle. - Controlled ,...,.....t ..... ""'* . 16~















Cont....Utod T~... t.u... __ Intar1.or ,a..
o
s.
O. Cont....l .......1. ,,"-cord1n<ll t1llit and Tbical T~rat,....
a.cord tor Cont....Uood T_... t ..... _
,. '01... Ilau~ Oeric.
e. DlaV-tic Skstch ot Vol... M....."'" Doorica
9. 1'rWJal C.ll 1n Loading Fr_
2. l<lMd1n« ea.p..ctor . . . • • • •
). Mold tOlf" 1'r1&>::l,al. Teat Spec.....
1. ~ate C.-..:laU..., tor Ten~
,.
10. DootaU. or 1'r1.u1al Cill
11. A.....l' ot Triaxid CeU
12. St..... and Vol.... Change y. S~ra1n
1~. 1Iod1l1ua ot Oero..-t1on .... Cont1n1n1 ""'.......
16. '."-leal St..... 'OS Latere.l St.ra.. at ,aU..... u:
A.p.alt Content •••••••••••••••
St..... and Vol.- Chonge
Load1n« Talt ...•.•




Aaphalt Cont.et · . . . . . . . . . . . . . . . . "a. ,.rtieal St.... 'OS
4$ hphalt Cont.et · - . . . . . . . . . . . • • • "". · . . . . . . . . . . . . "
>0. hrUul St....
....phtJ.t Cont..t . . . . . . . . . . . . . . . . .
~l1i
..
21. VerUcal St.zft. n ut.eral St......t as: Vol_ Cl>a:lce _
5s: ....pba1 t Content 89
••
• "
"U. Ccql.... l ... St~t.h and Den.>lt,. "' Upl>alt Conte:".t _
Low ~ctton Pro••~. • • • • • . . . . • • • • • •
2~. ~"1", St"'l\&t.h and DeMtt,. "' l..IphtJ.t Coatent. _
Hick tc.pact.1on Pre••cre. . •
'"
"26. _r St.renctb hr_t.en at r.u..... "' ....phah Content. ')/,
27. PWre.nt '01~. and 701<1 r..t.io n St...... • • • • • • W
28. Void !!aUo "' Derlato.. St _ ISO 1'.1 C--.eUon 101
:l9. ""..cant Void. "' Deviato .. St. - ISO 1'.1 CcapaeUon L02
)0. Void bUo ~. DeYiator St. _ ~oo 1'.1 C....,.eUon • . 10)
31. ""rcant Void. n De~1ato .. St _ 400 1'.1 CotIpacUon lQ1,
".
.....cent Yoid... Deviator St.....
C08p&ct10n PTa••ure. . . . . . .
""rcant. Void. no tlflYiat.o.. St......
to.pIetion Pro••ure•......
.t 2:C St... in _ l.c>..
• • • • • •
'"
""
)1,. oaro.-Uon bHo no An6;la or Shaarlna lluUl.anea
3~. CalibraUon c....-.. ro.. Vol... -.ur1Jls n.n.... and
~ call ... _ . . • . . . . . .
".
'"".
Sdwob, J_ H-Ut.on. !'b.D., 1'Iu'd.. IlI'Ih"u1t7, .tuc-t, 1960.
Stt!lllt.!l .,.;I '01.... 9'='2' Cbl.r!ct.er1~tjClof .. !!Hlft1p<>"" !I1%t.w'!
0'!!u !ti...... ) fe.Un.... llo.Jor- """fe"cr, lIU11M Ii. Qoeh.
·10 labo.....""rr ..tDdJ' perf~ _ .. bitlll1J>o"" ..u-...... oas1.r,,;
U. C<CIt.ant.lata'd~r tr1~ t.en on<! tn.......t.al .I.aUc I<>&<:_
111&. TIle atlll7 1>l1t1&W<! "" nt.ablbll ",,,ltwIr Or a<>l. btttlOino...
1I1;ct........ho~ 1.. dw-lll& tuUn& am, If 10, l.I>e aao>1ttlde of the
el>al!&'" am their reloUonsll1p I.<> .t.... llll.l>. The erfect of rious con_
diUon. or d 1Mte peral.UecI d....1n,g a tnt IIflCIIl ob.........cl n gl.l>
...1.., t&bl1,hecl.
The .tud)' ...... 'cc",""lulIecl Uling .. IIhtlll"e ",,_lIec! or , con.t&llt
ag...p.t.e gradation ..nd ..ar)fing Q\>IlnUU.. of , .intl. bH....1no"'" ••-
"nt. The .-1J<twoo .... eanpo.ctecl 1nt.o 'plc1Mn. hIo't'1tl£ \lIlHono d.nalt)'
_ uph..U content U'1"Ol\U.out UIe _c1M" b1 the ... of the kn..dlnc
._1.<>...
~t ..... d....1opecI "" peral. t ...........nt of !.he chin£- of
'1101_ of • apec1M" aubJect.-l 1.0 triu:I..IJ. 1oAd1:lc willi: u. perfor_
__ of a toe.t. Tba~t _..-.d tal d>an«e 1.<1 '1101_ of U.
\I1.U:1&l cell llqu1d ..Mell ...neet.-l cba.nt;u 18 U. ....1_ or tIM toast...-.
'nil ._u-,&1.e _ ....1_ et-ac- l>oM.UC. of aW,...n..
" • II..,. ..v.b1.1a-.d. loll I.Mt, c__Ud at .-t1Ain&
•
,..... or IS, )0, or 60 pel ard .u1al t-d, ...... ,,,,,Had~ •
100ft ,.toe••
n. :walt. ._ ...,,0:1..1...1,.. tor u.. p&:rtieW.ar a1l<t...... and
proced__• l.'-t b1l~ aixtllN .pee..... <tier '1'01_ <1...._
1"£ u. "",,,to or • lr1.a.UltJ. toe.l. loll 'PHs.- t.esUd~
.. &liPt """' 111 .,.,1_ toU_ tor ... 1IIe..... 111 ...1..... to t.U-
..... 1'be ...1_ WroaaM _ U-u 'f11.1l &.ld&l rtn.1.ll rr- ••t.r&~
""rT'O" 'hC to &pfll"OS1aaUl,. -.tnt- 1Vl_ to taU_. ",. ...salto
ot tho ..-1_ """"CO' u ..n •• hdlulAd 0.1. 41.1,,,,",,,)' oc ....... 111 bttlOl1-
DO.. _ .. 111 .,..,h u.. _ tuM"" .. 1Il <I............ll1ar ..,u..
, ..I ... cllt.tl&.......~ in u ... or tbo ~. or perc."..
...id. _ ..,1<1 ... llos or u.. .pec~ ' ..r the btt..- lI1.d.....es
to,t.ad, 1.&Uonolllp t>et_n ....id 1.1<> and p......... 'I'Old. or. _c1.
_. at t "",r.,..," .trl>in and ,t the P!'oportlol'l&1 LlIIlt, and the d._
"t.t.ar It ,t t pc1nt. va•••ublbhtd. Thill ...4tlonohl.p ...
t ..mIl to b. line... bet " ooid r,tio "r />IrC'nt 'IOldo ('rlt.b:MUc
...&101) """ dn1ator .t (log.rlt.ha1e .clll.) &rid ... dlp.ment upon
tho initial YOld ch.anct.erlllU•• or tlMo ""'C~. n. rdaU"Mhl.,p ....
• ppa...nU,. indeJ>*rd.,t or .....,rJ.n1n& pA........ To "'''11) th.....1'1..
cbo.raeur or u.. ""l,b-d.riator It.......lIIUOMII1p, 1".._' .......
~lAd to • pTtOI. .. t of 1nltW ccn1tt1Cln. aDd u.o.. c....Ht~
clIIlQpd b)t W......t ......Uoa of tbo apec~. prior to W.t1Zl£.
t~ _ ab, ..,,_. for U.~. and , • t1at u.o
_l,.p c<ed1tilla' a:d.nLnc dDr1.<:II: • Wat. _ DO _uroo!>l. af:'act _
UIa '"'"C'dtoda of 0_"- abau .tranct-b 'I&1uoaa. tndlftd eY1t5aDoa <lid
s.dl_. ,-"r. tNt. na&JoU'" ..,.... prea_ " ....toped <lar1zI,c Wat.-
1.Qc. ". u._ Mpth_ poroe pr........ did n<>t .ttut tho 0*"-
.~ ".lIlts. it ... """,dud"" thAt u.. _rr_et or t.., p.........
... ..u .. to t.. bJ u.s hlDl .t~ TtJ.... or tile Ilb:-
t tot.tool.
nos .tt"et or uplwl1t eor.~t slid ~t1.... p tbR -1-
_ or~ oot...1co and~t ltlId_ or 1tItftnOJ (riet1 _ 1tt-
_Uptool. TM It. el""q WkaU t.ht.t boUl or 1.bI "'P"""'t
.t~ pa:r_tot dr..,Ud n<>t 0111.1 b1 uphalt ......UrIt bolt b1
""'"""eU.... p 11 •
...IllU _ thot tlls ~pu~Hr "'rY-Uon or th" airt,.,..
""" prorld«l " rll1rq cood ........ or t .....uu... ,.,.1... or ot>o_..-d
e...,....l t..-..:thol wIt1l" b.Ilk d"",,1tr did lIOt.
Dt.t.& pt"',""" .... the "rreet ..r upllalt oontent end e_eUon
proou,," upon u.. _ulua or o.r...... t1011 .. r the aUtun••tud1ooc1. In
I"Mrd. 1t .... utabl1lhoocl that the ModOJ1ue or Door_tion ... an"et-
eel gnaUr br "phelt eontalt .t II4h ecapaeUon p......... but on4-
"llgIt1r .t 1.... ~etiOll p....."..,••
A l1a.IUd .tudr or the Dero.-t1co IlI.t1tl or t'" p&Tt1c;ulu bHlOO1_
noua aUt.... u.sd _ ec~lli_. o.r"l'Ut1Oll I1et1tl ... dsrta"" as
the ..tio .. r aUral .train to u::l.&1 atrain ...., a onaloc- to
Po1e..... •• btio r.... "4etie uteor1&1.. !M ".uUe or tbl .tll1r 10_
dlcat.e tlIst tbl o.ro...Uon itaUo ","aa rr- -1... or 1_.. than o.~
to _171.0 dar1ni; a teo.t. Purths'" 1t _ ._ Ulet 1.bI IfIPU"'Ilt.
-at- or -uiJII ...1.t.Mc.... 1I>t:U1Md V-ll7 odU, a _U"al.JoI
__ 1'1 o.ro,..t1ml ltatio to a poat at IIIt1d' u.. .", ~t
~ ot -l.rl& ...at.a:lcOo _ d_loped. n.e _d appeJ"Imt aocle
.H
of NoHr1q -ta!.ance ut&blbMcl b7 tho o.ro...U .... Ratio .tudi..
~ t r.b1Jo v1th UIe .........,... dat<o".lll-.:l bJ u. l'!ohr circle
~,.h or .t..... at I'dl.....,.
,
ror ~""-w1J' \ .....\7-11 ... 7...... UMo ..U ...U"" of partne de_
ol.p ...pn..... bu b.... otil'lcted. 111 put 1.O>&r<Io till. .... or .. trl.tJd.al
-.. at.noa.eUo _tJOOd or t.ooat to .-1..14 U- I'"'OP*rtl.. or blt..~
dJtt........ tnUl'lat in uu. to... of un, ,..n.le\1lu17 u ..,. of
.-J._t1nf; ~I.&ln~ pI"lIpel"U•• ot bUIa1tIou a1JI:t 111..
boo~ tne 1n&l1 ~t••tt. t.hfI 1''''..n1 t1M \he _ral ,,",tb-
n1~. ill U\I.\ utUt.. thl. I'l"lIltl.p1.. ot \ra:dAo1 tAlat1:ll; tor
t.IMo duigl. _ atl'l"lUl anJ.""Uon or blt..u-w nc U 1Oin,,",_,
T. n.lI. or tho. trl&Ii&l ...... WIt uch tool 11 p"'....
all,. .cc.,.~; ............ , the utUh_Uon or tM. _Ulod or !AI,t tor
dult;n 1'",,"0." h ll.a1W<1. In tOllPU"bon to othe....tt,..,,.. or tut,
tlle lrlu1al ahear etrer\&lh 1'''''.,.<1 Uto.ph cO onl u th. tund.t.-
Mnt.&1 at..."th pr"PerU.. or ...1%t under .pat!tt and 1m","" load_
inc condition.. the It......,..t.. cr.t acta upon pl. during \he
tr1aJ:1Al Uat app",n-t.. ",nerall7 the .,st_ or at th.at an
p.....,t durln& the I_inC ot .. lIbt........... it act put. or ..
pa_t .\.....,t..... ~ \Iloo t.rlana1 IAolt MIe or ..
etnee\h t'-o"" U!o.l~ _blr ...U rlUl o.n-nt.&1 ulU.
no. p"",tll_ or doo\.4l.-1A1IIlI: UMo at--&Ul tN....curlatlu or -
~ 1. ot -.JoT 1IIW...at 1D. u. _t.U<tT or _u l'Ot4-toUld..1D.l _""ili.
a. n.1jI or ...u _tel' ... _ u. ....."'.1 .. or lI"1&x1&1 .....
hrt... r_ UlU ..p'" 10 u._ ...._1 11M. no1_ r~ld or n.,. _
,
_lopood .. _kin! _oplannion 01 tbo ..... I.Uon or ........-d .~r
n~tll wiUl \.Oon proeoodun and witll prior at IUlt.ory tor ...tur-
.~ ...lh. 110..........nl1)'. ",,11 ..chanica In Utn,, haft d"_ted
tbe1J'" att..entl.... 1.0 the probh,. or ..u.b1hlt1nt the .bo at ...t>t:tll of
putl..o.t1J' Nt.u>-at.ed .,u.. On the bub of 1M ""rk done i.~ .,11 __
chaniu, ral p ...n.l au......,h U.l' be _ ....«a...H:1l! ttIB _r
.1..-0&111 or u •.
1. The shear~ .... ilt.anc. of ..t~tUed.. rw><>ld«l c<>-
10..1 ...us is .. l\lnctlo" or tile .rr.eu.. "".-1
n u and the _ill. ratio at t.U.......
2. n. "",W oontent at t.U.... or .. .,.r1;l..o.ll:r saluret.ed
...11 bears .. ""lque laUo....Mp t.o the dn1at.o. at"'..
al t.Uu.... tor .. ,lY t or lnliLal condition•.
). The p......"o~ t.., atale..n1a 1nd1."t. thai "blund
allea••1""",111 ...luel ..... d\ ....cUr dr••ted br the
..lhod or petto""""",, of the irlan.1 lui and by
th" ...id eontAlnt at taU."...
Ion .pplI .....t IwU....1ly ""1_n .. poortialll' .. t .....\.«:1 c"U, .. th ....
pilau .7'~ "_-:I or ,..,11 ""lid_, ...tAl. and air, _ .. bituaino....
a1J<t..... ,,_ood or au;resate "",Hda, blt_. and al••"not_ ....
but. tor en at"",,! 1.0 1Dnat1l;ate the ~lut101l ." trl&d.a.l .toaar
.t~h ...,.,.epu de...lope<l In ...U ....ta.nlu to tM n..". .,1 thoI
.t~ .,1 l>U~ II1xt s. ""_t p....Ueoo in Uls tr1aJ:1a1
kst1n& ." bUIIa1n<>IIa aut does ....t ""nsid.r u. .".et ." t.bOI _UIcd
." prrl~ .,1 tM t.n _.-...cI -.... .t,.....u. nl.... ~ elr
eot.a ... <>I _jor l.tIt....t in lolt.wdn<>_ a1.Il",," _~. liUl. or ....
ett.otllU.., Me -. d....,t.ed to tho .nlu~lon of ~M \"Ol~ eontent or 101_
t ..1no<w 1l1xl........ at rau,,", crUert.a.
It aw-&.r'<Od "u1rab1. to ut.ablbh "'-tiler Or ""t tbo ""'thod or
pert......... or • tr1U:ial tAH an h1t.on1nous a1.I1.........rr.eU Ule Db-
....- .bur .t,...,;th or <be Il1xt_. In -.I,HUon, • _~ or U>e_it_ ot ell&nt:-. it *"J'. in U", .,,11 eon.... or • 0I1Jrt_ dUl"1n«.
.-..~ aid in ut.a1>lisMn.!; • p~r p"l"Specthe or u .. ...,1_ or ur
."ida in u. dul.&n or an ~u. blt~. 101Jl ....... r.... .....-.! .
The n>d,. beL~l ....porU<! r-p.....",u an U~t to :l1Ie u..
lUnd or """..ledt;'t or the action or bltlJdno.. aut....... lnll"r trl.u:1al
1<Md1lV. The _cHic purposes or tho stud7 ..... as follows:
1. 10 d.... lop t.ea' ~nt and procedu ..... lhat~
p" .....n tile otudy or t.lle ,rteot or 1Jl. _1I'0d of 'est
on ot»a,""",,, ",",or at ....~t" ..lues lind further I""",it
tile naluatton or the ..,ld content at 8117 point dur-
1np; the pi"<lgre•• or • ten.
2. To d..... lop ..... thod ot !abrl.atlng ••...,,1. auitat>h
for trtoox.1:U t<lning Ulat 11 oon.bly ""irON
u.r-,!x>ut .nth ""'pecl to d tty and asphalt c~_
tAnt.
). To uwltooh "'-the. tho .UlOd Of lnt p"""",,,_
.rr..,u u. _..- ........"~ o! ..bl~
lI14ano llI:Id tile -en1t"". or till.. ,rreet it &/lJ'.
,. To ut.abllib _u.or u.... 1_ • d ...... 1n u..
...1_ or • bH.a1no... .at._ nb~~ t.o _
J
,
~t1ald&l UN" ,,,,t_ ..d, 11 .... to u"-hlhb tho
alplrtc."t C~ 111 14. t.bat 101 ..n..,ted b7 ..
•~ 1.11 _....-I olI t~h.
~. To 1nft."~U U.a IIJpoUlea1e tlln u... 1e .. -.1_
...Lt.t~p boot_ u.o .... ld _t." u tall..... lind
u.t a"..-au. or .. ,,1\_' ... _ .... p"""","",,
1.0 .. &1 Nt ot 1.lI1U&1 cond1tloM.
'!tie .......... t aw.t or _bd", ot "boo tri&>d&l aha&r n~u. or
bit ..'_~ ut.&bU_ bJ .....ri... of tho '?aUobla 11",,·
at...... 1M.ct l~t d el"'J*! tor u.. nod,. 101 "",Nftt.ed. Tbe "ow
UN4 111 an .rt...." to MtUtJ u.. plUJlO'" of U.a '"ud7 a.. r0p0r1Acl ....
u.. ....ulh or u.... UOrt, a..- 41 _. Sou..u.o... tor &rdl
thot wollld pz"O'I'1da .. loiPcal conUn U .... or Ulu Ituc17 .... p Wd.
._ 1Ao0l._~ ba... bHn d.....l..,..., Mel. ..tool w1t.b~
eMu- or ror t.IIe d.u1sl or b!l.<a1noa a1.I;~........ In &ll or
u.a. _..:1_, or to" OI,abUU7 or u.. -..... 1& _
t.&1Dtd. (1) cla..Ultool UMo 'tar!......t,abUll7 lAoato ..
ro11_,
1. e-...uion
a, lkl-.1tAtd. ~-"••1on tndlld.1:l& ~r.1on c""P...uloo
b. ee...~...1M<l COIOP..... loll lri&x:L&1 ahoo&r lAoau lAclud1-"I
bot.b "'*' &II<l cl""tool .JO'~




6. W...,Ullon Mel. penlIlral10D I.e.to
7. ~~l _ t.ou,ghn.". tMU
e......1<o1.n& d.r.. bJollU.,.... Loot.
9. P'l&>c1l1ll8 ollMr W.h
10. t1b llon ....1&~. IAo.U
U, 10n 1.0&&'.0
12. 1.o&d l.....-J._1o>l I.e.U lacluil1n, road. udWM _ lndi:_011 "-aU
,
•
8J W tbl MJorll.J ot nabllU,. teat. p"rtonaed on bit..iJ>o..... 1l1%tUJ"N
110 tboo USA ....u1d be cl...1ri«l U 0"""'....10n Wits tl1 ~"" abo_ .Tlt...
1Il. UIe eont1nu1n& .Uo,-t. to <:\ ....101' an ....... rot&n::lln& or the .ol\an_
1_ b7 ""1eI> .. bituainoll.l aixture .upporh 1.,.". and tI:r which taU"""
<>COW'I, ...... ..,<:1 ..... atwntion hu bea" dinct~ t.o the tr1ui&l ..._
1'.....1"" tut. In the opinion or nlZ3\ll"O"" llI~..t1!.tOI"8 tb. trla><1&1
telt Is the ol'l1J' telt Pl'<lcedure that ott thlI poulbllity of .....ur_
1n<l at.abUt1r in such ......,. that the at "181... 1s lubJect to ..
rational anal,..h at all IllMl. dW'1ng the l.eot and also prarld...
ai..n 51st&.. fiJallar to that to >4\lch the llUt-ure will he aubJ.cl.ed in
nrrt.a. In 111..... t ...t1on or thla opinion, MonilOlAith and Vallers. (2)
ataU: "5U.b11111 18 b... t d.t1n~ ..... load to ."".... certain O3Ount
or dafo......Uon. said d.t" .....t1on daptlndillg upon _>;I_at«! n_ld oon,lI-
liona, &rid Ulat 01\11 .. to,.. ot triaxial .""'P......io" tut will properl,.
••Uurtl tHII properly.' Sll.ith OJ IIu ....itten: "In this toot (triaxial)
_thod tlloo .t......oo actlng upon 1M _""eLMn dW'ln& teaUng eloaa1J' ap_
pl"O&eh the a,..tem ot .trea..a .wting 111 a n.:dbla p..._nt Or po._t
to""daUon ""an tl>ay are a"!'POrting a load. ~l&.ti.&L ah.,.,. t~rl.. ,.,..
in elo•• OCre_t v1th aetual • ..,.rt..ent." In ret.renee to ~h. atabU_
H7 ot .",.,....tz. aureBat.e aixture., Opponlander (4) at.etu, "£:<eluding
-.plrleal. t.eat ..thod., tha trl.&x1a1 c_.....lon !.Oat 10 tho only auit_
abl...tl>o<i tOr tho tun<I_tal naluatlon ot tha t ..... atab1l1ty of thl.
blt<A1.rloua -.in..... haTing a on.~ah. &&Bregata."
'n. p..".,... of Ullo atud.T ..... baalcal.1J' an .!rOM. to t ....thor &d _
_ t.b.. f\nd of c-IotlCO cone.rn1ng tl>a acUon of bitoaiAoua a1J:t......
,
_ trUJdt,l load1na; in 10M belier t.bat the roN&01J>I un_aU ""r-
""'11 pre••' u. ftl.. or 1.111.1 trpe or tnt.
n.. IU.....t ........rt_ for 10M etc'l"Iqtdnod 10M ~rv.Ml or a_I"-
_ uUc1.. C_r1JlI " wide .--. or t.oplu reJ.at.1A& :In ..- ~ I.CI
tbe pm'J>Oe" of u. ot4d7. 'or oL1lpllcU,'. ull", 10M Hu...t ........_
T1_ b p......t<o<t 110 t~ par&.a:
1. TT1u;lAJ. Tut1J>;& of So1Ia,
2. Tr1&x1al ' ..1.1:>& or Bil<a1no.. 1Uat.......
3. lkLaU....ftlp or .1.1 .. 'old" to 1'.1.rt_ o."1p.
Tr1&x1al futin! or Soth
~"'''lo", tor t.he oheari:>& ..doh"". or .....t.~ au ba... buo
baHd lI1ot.orlnll, _ tho bJPOthotd. or Coll1.-b (~) which tint
.'h....eood 111 1'116. '!hill h1J>Othnh ..., be _rhed o.l.!0bNlul.ly in
_om W..trK>loU .. (011"",",
" • c • u t.&n l!I gq.....t1on 1
in vlIich" 10 1.1>0 .h..~ ....atM•• or tho ..Urial; C ill tho IIn1t
eoh..1<>n,u U the ..&1... of the no..-.l n ..... on atIJ' portion or" pl.&nol
lJI U", ..urial; OIld II d"""tes tile "",10 or inhrnal friction or tho
_""r1&1. Thb .""....1<>n or stw"'1n& ....t."t.&tlc:o een.id.... beth c lIlId
III to b4I .....ta"t tor &IlJ' 11... _"a.. la!. on.. CoILl.e-t> ~""tion and tile
~C1lnC~t or CCIIlat.&nt t"""C'-b p&'-_w•• "".. l.n-
n_e«I UM hJI.....1oJ> or abN.l'lnI; loLanco or IOU••au iU
.1_SM.U .
1kc:' inc lA 1925. u. ........ or 11>'. larl T.~ ul.l-:l U. au..,1.-
t- .r -II •• to u. iAfi_ .r PO'" ..tor p........ _ u.o .rrw1.
of W, p......... on U...nulh of .1lM.. lAo'h. In 1936, r.rU&hl (6)
polAWd OIl," !.hat \he tr te.. of U1a Coll1oal> ~...tlon ... t be "<>n.ol.d.rod
.. U. .rl'Mu.. no.-l It..... Ct.<>l..ltl no....]. .t b .. PO'" ...te..
p......... ) on u... plAno of t.U....... ""'!.Mr. to"" T ....:h1 TMo>')' or
eon..,HdaUon (1) ~11" l.1l.I\ the .-&e\ltud. of PO'" ..lAo," p""'uure
lI_loped ....·..ult of load1n& U d1r'e<:tl)' atta"Wd b7 tr.. t
and nU. or dra1J>"I1 pondU-.d. dW"ln& u.. to..t. 1'hU 1.oIpUe.Uon .
_ 001\ bJ tIM ."bla"""nl 1Jl....UpU..... ofJ~ (!l ..01 oU>ou
It tho Muaach_tt. In,tit"tI of r_loQ.
no. "OJII.& of u.. ._,. It...,&tb of ....11, d....Uc.U,. ,..-
.1_ ult. or tlle 1ftcIaf*'>denl lm..U~U of llnordn (9)
and ~lllk (10). TIl. ea>clul""," of tile.. lmUt!4;U1oDI !Delude tbe
tol.J.ov1llA.
1. IllIr1tlI ab a ItObed.....U will tend to a>:pMd. or to
01.., ...... 1a. 1_ dotl*'dtnc~ toM ,\a"," of " ......11-
cl&Uon of U. ~~.
2. -n.. po..•.."r p w1ll be~ to .Iao~borl.
p...._ at ill \1 it tM ..alA of 10..1 appllcaU...
U • ..rt1c~..lq _low .... I.IIat Ole ...1<1 ...Uo of Oe 11
_,. *_ rll1~ ..."..ted to thoo p..-nll1n& atr.n -
41t1au at IOtt7 &1- U_.
). 0I:Id... -.diU.... of .t.... Ippllu.U"" that u ... .-.p14
toM' l\aU MJ"WolIl of to"" ...101 ...1.10 ..-ot. _ ..,~
1aMod. U. PO'" ............. wUl _ ill ."" ot .~.
,a-n.. ,....._ 1t U. .-pl"~ \0 d 1a YOl_.
It tlMo ..1..~ \0 w_ 1/1 ...1_ -.. ..1IdJA;P
•
•
n appllc&t1on "_Hi",,., U. PO'" " .....11M! 1<111
be l r t.lwl at.ao>spheric ,,"'..........
L. ~ '~Tln( ...si.~. or ••tuTal'~. ~ld.e cobesl~e
...U. b .. !""elion of tho ,rreeth. ""...-1 at"".. and
u.. ....1d ... tio or ....~ .. cont.ent n UIe _t of rUl __.
,. n.o t ..... "'&1- of internal ("eliot: or .""h ooUs I.. :0
.......u.,l; howe..... , U>e eoIled"" of it. 8011 1s .. !'tr.ctlon
or u.o <roid ....tlo n till.....
CIa u .....b or tl>e H""rsln 1:I"08t1r.11_, U" Colllo.b _U""
UJ' be ..nHe" In .. .,..., !l1'\d......,t.&..l tono tor utu... tAd aoU.,
... c,,' ( ... - u) tan If.
_ ... c. 18 noll 1ruo cohesIon of l.he "lArial, Ill. I .. til. truoo ."po of
lnlAm&! l'TicUon and 15 enantiall:r .. con,tant, ..:ld u 18 Ute ..alIOS of
the """,-...tAr p...ea ...... or neutral .u·....
n,••allllH,. of the H""rsln conceph lIAs b"n '00 ..1riO<! by """er_
O\lll 1n...stl.gaUOna in E....."P" (1l)(12)(13). 5l<""'fl1.on and Bishop (ll)
ItalA ""eqw.'O'OCa1lJ'. "In the ."tho... • op1ll1on H (U.. Coul...b-ll..,,.,,la..
_tion) _t tors !..he buh of atlJ' tur>d....nW eonalduaUonII or
aile.,. n-..,;o.."
In t.l>e practical daUn.WU"" of th.. ahea:- at,..,n«t.b of .. ooU t ..
appu t1..... of tile 11""1"&1,,, coneepu or t ..... 001>..1 _ t ant1_ o!
tat. l l'rl~t1"" in..,l__ tb. _~nt co! JICI"' F ~..~
dar1.q \1M I.Mt. In tbo interut o! .1JIpUdt,...-d Nl1ablUt,. the _ or
teo'" Ql_ of c and III dU.~ \IIldu l.Nt _ttl""••1allt.r to t'-•
• Jl;lHt..ed In t_ fill __•.h .tMlCt_ .... ofl. in U ... of UI. _ ..
oa~t c. and If., Ql..I. a.,t~ (14) cr.ed.lte Ct.~. wtUo UI.
pnIpOlMll for U. folloodns tt,.... to..elc t:n'" of teo.teo 1Olo.1d> lla1t U.
c-.lt~ of PO" p _ In"rvUl1ll&>' .t..... U>.et a &ctt:w
.......hlhll .t :ra~ .l.all.er to e:op.ect..ed fhld _tu..... ,
-a. Qtick u (Q). 1ft UllIN teo.toe "'"~ of
PO'" w1.fto f U. 1IpAc~ a pano1U...... hl.bct_
t.ae AnJ' poaell>l. aft_ch of az1.el d.f_tt_ .....
toIada'...,. "->'<I ",1_ c!latls. in the IOOU. AnJ' .,...
pll00d .u... c...t .. an eq-.l ............ L<I U. PO"
...teor. The.~ lU>COGftftM ""'""'"..1 teo.te (u)
p...parlJ' perf...-cl ......t .....1Ad c1&,.. te.te of
tau t1JlA.
"b. CoDaoW.tad..qu1ck (lie). 1ft t-" t.e.te c.."l."
oalllOOl1dAU.... """.r an "PPUooI p.......... tlllt U aqaal
1.11 ill dlrecUone or ~roet.aUc. 1.- peno1ttad. The
ILIl1.&l .t..... h 1.IIc......... to f.U..... w1tbollt t'IlrUIer
dNo1nal;. of PO" ...t.ar. -'4lein n-alecUI'II effecu of
an.J. d.fo...UOI:I on tendonc,.~ ....1... change.
UI. PO'" ,....1...... h eq.-l to Ula ILIl1.&l d..i .•tor
It..... in oth.r ..,"". till aJdal It..... Ullt 11 .dd....
to the 1n1ttal con<l1tlonl of utoemall,. .ppIted ~ro­
It.tlc p.... I ......
-c. Slow t.elto (S). In Ula.. t.e.to c.-;>l_ d 1nIsa
of PO'" ...tar t. pe..1ttad. ""d.r both ttl••WIt....
~"'""ttC p.....1IM ...d tM .~t lnc 1n
az1.el It...ll. In. perf.ct .1.... toelt the PO'" ter
p...l ..... 1.1 equal to uo... UI~1It the teet.-
W or the CODC'Apt.e .t..eted 1n the p"",,ec11n& d1ac..l1 appli_
cabla to ••t tad. c1q>I. The ....t P"'>C'Id_• ...,. be _U to alUlar
dtr.at .1>Hr teo Or to tr1.u:1al ~"••l teon... ror.....- of






































































































































































































































































































































































































































































































































































































n,. _1.Md of ,,"to n.. .rr..,h or d..~ dlll'1,,& t.4Ietint ot
N ••loal eoU..... "bul,. ..Ublbl* br Cuaf:ro.nde (15) "'0 c&lled
U\.<OnU to u .. tact lllat ooMaion1 U. un<!. to chM&<o ..,1_
dv1tlc -.... _u.... or root UIe 1 c~ 18 ,_eion Or ....._
,h",n"" in ....1_ to o:I...."d<t"t _ the d...dt,. of u.. ~ed_... ~
'P"~ Uno:! to t. l"Od""ed in 1... ..tl.1le _. epect.e... t_ 1.0
.~. It 1&1 1a ~W<l. U. ~''''.l' too c~ ...,11 .
err.."" PO" ..te .. _&WMle aDd: c....._tlJ' the et..n&t-h or the M_
t.er1&l. n. ... 10:1 ratio of .. "",11 at. ""'idl nallbe.....,.1........ l"Od_t_
Ion ill ...1_ DC""'" dudllf:~ ... 11'" u.. ..- 'erlt1u.l ... 1<1
...Uo· b7 Co.u«rande.
!bo n.n.. or I<nowl..sgot co"ceml.nl; u. "H.. u,..""l.lI of partially
utureW<l IOU. 101 not 10 ...11 .....bIt-heel .. t"" for •• \.ural'" ....... -
"Pour "'jar .artablu .treet U", Itrtrntth or .. 1011 in
thh t~. Th....... , til., .,1"",. principal sire.. ,
tn. drr ""n don.,it1. t .... wate .. content, &lid tho per_
c..t of ...,ide CillO<! -..1.1h "'''&'', ...",,11,. a11.d the,"1:.... of uturaUon. 1M l..1 ho v.... l.bl....... not
ind_nd..,t .••. In ~ltion. for """"",.to<! ,oils U..
• tI""," or and eondlt1one du..~ """",,,ction .,,_ to
ba... lrolo"""d..t errech on te.t eL""I;th."
i rocenL etudr or Lho ea.preeelon oharle~erl.Llo~ or port1allJ
..Lurlted lOla bJ y.,.hial (l6) .ok.. tl>e roll-tnl; nlt....t' "In-.-
t ....t to the ..t"""t4d sysu., ... Looport.lnL r..t ..... or the partl.l11J
..t.ure.ted .,.u. b the rlet UIIt W. cooop...... lbUltJ or Il.r~
~1.It.1~....u... or tho Ipr1n& ( ....U Il<Ilelt>n) II'1I.l>out tloo need
or diaphd"4 fill1<le out or tJ>e ')'Iu.." A e\.ll.1l.t.r ron1t .... nport.ICI



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































'10111. u .-p....MCl and lM'as-. llIt..o ..,lutton, and c..... .men t/lll .t.......
.... la~&, .no""" W U,UM rull ••t\lZ'ltlon." ~or thI a"""oltd.t.e<l • ..-.cIralllod
o~ (lc-t..t, t/lll cut'Yad l1I.,.,lope w1ll d...1op thn>url>out tlw lat-ral .t.....
~ bol1_ Uloot ""<i"11"1!'d W~•• all th••1~ ""id. o~ W d_10J1 c-..
pl'u ..t~t1en. 'nIe c..........:! a"..lapa or rau.... b not u".,d.t<od with
Uloo ~.1nad or 5-t-at d". W U.. e""",l.c.. d...~ that b ~...ltt<od lII'ldu
.n "flp11,"" n un. In.ll UNa .......101'1 or r.u..... PI'epO.I"I!'d -1:lI!:
.n'eth. at , "" aotlStl"l>Ctec! that ,,1.11 ",..it t/lll «rinillen or
the t,.,.. ~ .t~ para::et.c ....
Triaxial TntW ot Bit<at.'..ua "\!turu
""rtiall, ...t"".tod ".,U. _ blt_ino.. 101%1- ano.l<>t<>"" th ...._
~••,..t.uoo. ttA tor,.or eensl.ta of • ..,Ud p!IU. ot u pI.~tlcln, •
liquid ph....__ or vater, ""'" • 1':'''0''" pIIa•• thlt is the air 1ll tIM:
W1t1.ll-.:l yoid•• BltlDinouo aiItW'n .... COlIIllOoad of • ..,lid pha•• .mlch
con.loto .,.in of solid partlcle. Or tbe 'U:"'C.t., • liqutd phoo.. fo'-
ot tlla btt n, and a r,....oua ph.,.., con.ht1llr" ot th. &1~ 1ll tho &1~ 'IOt~.
ot tha _txt , Bac....a ot tile atriklnc "".loa bet..."" tl,na t"", widel,
u.ed aon.truclion II&t.I'1&1., it ...... W "" • 10tt...l .top to .tt.c""t to
analyu tlla .h..~1nI' ..... t.Lan... ch,,·act.~btta. of bll,.1nous Jll1i<turaa 1ll
11(ht or tho nnl.1ebl .. Jcn""Ie<tt;O ""d _thod...l.&bl1&_ 1ll soU ,""c"",,,t •••
Tl>a d.at ....b1l1t' or usinc tl>o t~l&I1&1 tan ro~ t" ....lpio ot
the .t,...,rU> ehar'cterlatlcs ot ",ad ...tulila ... 'I01.ad 'to)' ""aor (<4)
in 19)0: ·It ... Ule ao,.,":nsua or thh ••U.l1£ (!l,ottaenU> !.m:-.l
:'fttitlr, 1l1,o'1o>oQ' lIIo...rch _nt) that the trlu1a1 ~....ton Or .ta"l.1-
_tar :• .-1 .... is tho _t _M ._rt.v tI.t _U'IOd an:'! d'''Pita .n
_ta<1" It ia lOl'Opoeed to obt&lll l.U .t.....-eeto Ucn
~. 1ll _eUen >t1U1 l11t"bwa, I'l'Ol:>l... • n.. .."bolt pan....
1adla8\rJ' '- ot u.. pohM,1al ott.Nd b7 U1. U1a>;;U1 _1Jlod
ot I.Mt ( .... "'7 7"''''' 17 .. 19}/" "\anton _ H_ (2S) Md.
_nU.... ot t'- ....17 to~ of t'- .UIoU-hr ..<1 • UU proc«I"...
ttr.t l.Mol_ ."""""t~ • &pl~ l&u..&U7 ""U. chfo.-1:l& H b7
u.. _ll...u"" or .... &ld&l load.
800""" 10M 1..1.<:al .""...100 ot d •• _.q. ot U.. -.. U .....U1
of Hili \0 t.lI•• la1lar blt.lm1n""'" CCIIIU.U I,..t_. u.. tr1&.>:1&l ..Ulod
ot u.t ott." oUoor ...,.,,~. to.. tho nlOd.7 ot u.o .t!"MIUl ot bU....
_ a1JI1_• .s.tth 0). in <1l.&ClI&l1n& u.. tr1&n&l u.t _1Jlod II..
• t.&t<od. 'In tll18 _UOOCI tlo& U"""" IlCt1.ll& _ tlo& _cWln dcIr~
Ult1nll do.-l7 Ippr..oll 1.10& .,..u. of .t I .w;1U!n& 10 • n •.w;1hl.
ra_t or ~_n1. tCllWleU"" ....... U"7 ppor1.1.lI& I 1...... 1'rl-
.... bod;r ot ...uriAl in • pe..-t 11 .IIbJ'ct.ed 1.0 •
0000l>1I\.IUOII ot ..rUeal 100<1 _ literal "'Uro.!nt •
•• ••xp.rwntl.l. of .....urin, the .nut ot
tll1& cOOlb:l. ....Uon "lled tor. In addiU"", '"
"'1.l.7111 ot the r ..poocU.. f""oUonl ot blrd.r ond
&f:p"'ph ...QId t.l>od >illoll 1110.. til. coll..1o"
..., trlcUon per.U toro... ill til... coII.ll-
t1<>ne .... tu.ltUlIOd b7 1.11. trJ..u:1&1 hit >il.n 0....
b!Mod ..lUI UI. Ifohr d1.o.&r.. tn- ot ...p......tU1<a
ot .... l1lU.·
.. t....u..r 1Od....t.ar ot tM trUJdoJ. te.t tor • ..-.J....U,,« the .M......
lDe ...IUoI.en« ot bH-u-e~. 1. 1JIe .... vlU. ""icb tbe pro-
~~ be e41pt.lId \0 U.. part.ic1Ol&r" ..-. ot .....erdl. Gou. (27)
Ilu .-..1_ UI1. -t.ar .. to11_, ........-.1t ot u.Uo ...u..r
_.1.. tn..etl.f;.U........ f....r Uoo .... of u.. tr1u1al \eet _UOOCI
....~ I.OOl tor 10M .,.1..1.1.... ot 011:1: ..o.r1.hl." Md ... belli
"
........ tUHr ot tbo t.rlo.dal _t_ of un 111 tile ltI...U,,;aUon of u..
,,_..-. YV4bl.. Inbl~ -sn...... c1"1p.
fr1&J<1.oJ. U.~ .U.:.b tor blt~ &1J<t....... /aft ""_I.OP.CI
al-.c t ....t.1.1.&T but dUt1fte~diIr.,.."t liM.. Tbo t ... KMera!
n. _ ~"- 1& .J.aUar In to.. to U.. l.oe.U aNd tor _U... _.
i"..l.T c11.cu.Md. A Lateral. 1'"........ 10 _ll.cl to 1hol apKI.m Il:Id
hiold. """tt.,t 0Ibll. &II anal load 1& ~lito<l t.o cau.. t.U..... of the
to ft..,. a......M1lt of tho t<ondanQ of u.. .~le to daro ... ..".jar an
•
appl1d 10"'. It h llkel)' t.lI.t 110,'''1.0&10'' (29) lint lnlrod... 0<1
U.... ta,,* in doUning 1'&.,1""0 tllodo or trla>dal tut durinl .....
_,.,. of tm:l11ll ,h.... tAlt. p "ud in 1939. HOl\..,to,ler" el I·
""" ....lllA YOl .... cb&ng>t of "MPI.. , Mel .... 'opon '7"'t.' which penaiU
....11 Or """oo11<5atl"'" dw-l.l>g tAn. An 1oopIr'l'1oua "u.ent ..n1c11 " ... _
.,..~ ~ plae1n& U- bet-n po ....... aton" p....rl<l.. tor 1.110 .nl.......
Or .1\.... or air and ..Ur in U. OpE _,.aUl'." n. pl"1M.ry lId-..t.ac-
cl~ tOr U. doetd 'ptea h tllo.t • .".].... of <: .."" " tor • -.irt_
-:' be ..1.&1011_ r.... l.eot perfo"- .... Oft17 _ ,_10 _ .
alA__ or lOCI _ pnr.nbl1 tbrM Or _ .. ....,1... toeotoed at <litt ,
lal.er'al ,...............~ tor U1h~ _ .. -!.DC UIO e1o.-l
.-. 7"r oUipllcH:r'. wk. it __ dutnbh too nhr to tbo
"
0fMD-ept... t.ooa' ... ""... t..IDl-1&ttrtJ."'1'l""u_ ~It Il7lI! 1.0 U.. cl_
.,.t.. qrlabl..t.t.oor.u-9...........p~ .
.. ..c "jor dt....p'.,. 1:1 tbo I.4on pl'OC:td...... p.....nU7 1:1 ...
t"r t,..,iIIC bU.~ II1l<t~. h tboo ...u.tl""""1p boot_ u. ba1Bt>t
(H) NOd u..d~ .. (D) or thoo .pI<:~ U.ltAld. em VC"C> or "It _
cod...... IIoh!>lJ U"'.. rep.rot_Wd b7 u.t :5I.abU...ttr _t.bad. ...t U b ..
• .....le 1:1 >Ih1c~ t.be bel.&ht. U lell u." U. d~"r or t.loo .pe<:~.
The a<lhoNtlU of Ul1. t.ooe~.n1<;," upoe U...t ..../a • ....,I. U .1A1l... too
tboo pl"Ol.cltn>e qhHIIS in the rood...,. -..d. u..... ro.... tAost ....ulU ..,.
be """aSdt.-..l; .. "'preHnt.o,the or pa._nl p"rfo..."u. OU>er tr1-
..u.-l tnt, .... perto....d ...1~ • _It 1:1 ..tIlell U. lIotig,t 1>0 ~UIll
1.0 or S.... lAIr , ..... Ult du.Ur. In ......11 _.plll, aIIe..- plan.......
r.... to dn"lop within the I.-p].t .,<1 • n...,reUcol an.o.l,ls.. h ..-.lid.
, auplt wlUl • IIel&ht that 1<1 ....U rdaU.... 1.0 Hs <il_t.... will 1Ia ....
cont1n1nfl; n ....... ind..,.cI at tht tnd' or tht tptc1mtn b7 tM lo.,l1n"
hqdt. lIutl-.l~ (14) ""t.. that .atopl HII an H/D ... tlo of t>Po to
th t1ar..,to'1' tor toU•• H/D UOI U"ttt .. tlwl th~t ""tot<!
My not be preMnhtln cI.... t.o U•• poulbu. lnt ........t1<Jn or .01....
..,lion 1n U.. ,upla. n... .u..,la ot a 10.. HID raUo !Ian _n dla_
CI.,,-.d b7 I'Mltt.r ()O), Sodth 0) and othars.
Una.. ou...."ue noted aU ... t ......e.. to tr1.&l<1al too.t1zll!; in tM.a
dUe.-at.., "r.r to ~l.. with In Il/D .0.11>1 or appr<>x1.aI.tel,. t"" ......
to an • ......,..u. or _tent-lateral.,."..,"", _tbod ot too.t.
Jl:ttect ot u.e IWer
1M ~l.a ot t/IoI ll1ta ot trl&>dal too.ta ot bil··hc"," _
_ U _11..... b7 t_ t .... ot Uloo bllwkr ... b7 t_ "lat~b4>
......"U,,11 .rr- the ""int ot '0"1... ot theIr Mcllenlcal properU..
blt_' 10.. MwrWe .iCIIUIU the "'·.ar.c""'r1.etlu ot (1) pluUc M_
""'..W •• ""1cll nov w.r .....tUned 1.oecl, (2) el.nlc ..wr1&le. wtl1<:h
._ .......-- budae•• and .l&>ot1cU7 Md dl....cwrl.t1.,. ot lidl,
0> C....wr ..wrWI ebarae""'rI_ b)" (I) ....111 _""'nt and "" Ur.
(b) _U4IUon. (c) dllit.anC7~ Mjee~"" to IIlto..tion.·
n.o _..- ..-r .t....,l.b ot I bl~.. lOin.......tlblll_
br trl.la1al w.t1A& 1.e Irreeted "" \be d.colttr ot the binder.
Ntj_.. ()2) ........ Wlrl ~Ah pl:I-. u roll_,
."'-n "1n4 tH. Wit to ~Ile Mlut .xtent tile ..._
111t .,. to lhear ot tile ..""' ..W ..-l... condltl,.,.
p l.linll in ....oct ""'rk c... be ducrlb1d 1:17 U. three
tolloodtl, ~lc.oJ. _cnJ.twl.., (1)1 tr1cUon&1 ...~
11e1.an<:., d,.. to trictlon be~"'"n the &grI,.""
perH<:1 lch .,."rt I _"ou'" on ...11 ctthor
(,rUn p u.... ) Md 1a p....""l'1.iorl&l to till......"_
IW'I. The .n&1. ctt in""'","l fr1ction 1.e ",,1<1 .1 n •
• l\I.ractniat1c in ....ol'd....,. vl.tll ...11 ..clwdea.
(2) .l.n in""","l ""1ot""CI, I ...d.tan.1 til...-
w ..l.l 1.e .bll to d...elop in tho .b ce ot
rr1cttonal r ..i.t..,.,.. 0) A .1.ccta at.t.....
(in polau), d.....loplns on17 _n till ..torlll i •
•11_ ott It I c.rt.a1n no""'. '!tI1.e ....1It....,. il
d... to the .......ncl 1n til...krill ctr til. 'I'1.ac_
••phl.lt ._nt.. AttAatlon.l>oulAl be dr..... to tho
d.eo......i.tan.,. tllat .-. U 1....... t.. ot dltor-
..Uon ean acqu1rl II1#t .al....•
Wll.b the .tteet ot the 'I'1.aeol1t7 ctt u. blnoHr ..,""r1n& th. """-
~ ot ........t ..."CUI ctr blt.<a1noUi aUtW'lI eo pn>t_l.:7. It. I.e
~ u.t ...,. ....-ubI. 1Jltl_1IIc Y1.a_lt7 ,.J.J.l &1.....rrect .......-








































































































































































































































































































































































































































































































orr1t""', u.. ...Iawae. of III IIptl&lUe bindlr t.o 1apo1.cl nnw
1.11 d~ t upon till eonolltlne1 (riltColit1) of thl bind.r wh.1eh in
tUft! il IftleUod. ..rl<-.tl1 bJ' Otwl.gl in taplnt • n.. Ifrleto or
tilt tlllp<lr.tu ... on .axta.. e-.p.....i" at...n h b&.n lndiOlt&<l h1
Goooh. lIcL&veb!in • ..,d Wood 0). In genlr&l. the ....n... ...-pr..ain
at....a aba."- il ~"'"tor rar lo...r t_plUt......1 rar &nJ' ainn r.ts ar
d.ro.-tian. N.pp" 0$) hu ra""", "Tho .... l>anle&l lubllit1 at _ bi·
t ...1noue a1rtur. It Ill" I.aoplr.t...... ill .pp~hl,. • direot l'Unct1on
ar lOS ri.co.it,. or the eont&1n.cl blndlr It tllot tIIapIrltuJ'l "'d 1.11 in_
dejllnd..t at tbo lallJ"Ce, nature, &ncI proplrU.. or the latl.lr oonsUt...,t."
Wood and Galt. ()6) ond KoLeQ&hlin {)7} Itudild thl "'lation,hip••%t.t·
inl blt...en co.-pr..sl... Itrentth, t.uplr.tu... and ratl at <Ilta.... tion
&ncI hi" lIublillhod that tor tho aUtllr'll &ncI .anditionl ltudi.cl tho
,.."lltionohip could hi o;<prll'.cl _th_tio&.l.1J'. In till opinion ar
t.,d"'obJ' (26) I t ..t tempor.tllr'l or T/"' i ....._hle tsltina t__
.rot II tllis \"&lUI problbl,. ...prea.nt•• l"od :r-'" round ."r"<!o &ncI
."" 1 to bMnIL alit tho roll or tho blnd_r ...... el....11 tllon I h1P>lr
tI.t tI.opIrltllr'l.
Inn.......o ar 5&DIlle ""porltion
"" IddiUonal tootor innllOnoina the Ob&lrnd Itrl"llth ..-.lUIS ar •
bit\a1nOU8 a1:4l1r'1 i. till ••thad bJ' ..hieh tho • ....,1. 1.11 ra"-. Wonb:r
_ fill.rp ()B) ltat., "fbi _thad or ral'll1tl4l lobar.to..,. tilt splei.
__ 0 ._ -"'t r.- ..r ....pondinl l>u1I< d""dt,., hoi • pl"ClrOlad .rr.ot
.. \elt rulO1t&...., ...,lllli or til. t ..t _thad ar lto ...Hdit1." Rule_
all:r ill of U>o Mh••• in .... for fobri.lt\.ns • .,,1.. foll into on. or
u.r. lI&t.aeort-., (I) ~e e......t1on II W ...t ...t.ad b1 t.bI
"
~UQII proe..s.... llt.UiHCI in tM Kar.l>o.l1 teot ()9); (2) .t.atic
_11= cb 1. on. or tM ..t.ablh".... proe-.l ....." tOJ' preplll''1Jl«
.-pI.. tor- dth the !IIoith TriaUal Clll proeeduNI (40); .om OJ
knMd1nc c_ction wlI1l:11 1nelud•• t.he proc ....ure adYDCltad b,. t.be &<1_
1Ie....t.a or tile St&bU t.ar ..tllod or d"14o (101), eo ...11 eo the
aret,,>')' IbMr procO<l (42) wMelI 1JI preuoU,. ...... iYing .,.1",,01...
It""".
The ......t1o.. or ~lch collpt.ction proe.......... 1JI b••t lu1t.cl tor pre_
~"1n.S &...,,1.. tor t.aatine II.. "'''&1_ continuing 11m,. and o_nt.
b tile MnJ' duign pNO"'''''''" in ""e .......""Hell". o=p1rtca1. the
coapo.etlon p......edu......UllOM .hoold be the en_ that ..ihn.. tl>oo co....
....1&tion that tor-eo the bash tor tile dl.-elOJ*8nl or tbe p&rtieulu de_
11gn proc....u;re. TIl.... h ..1.<1...... _ .... 1". thlt d1!!..... t e<lOlJ>&<'tion
p"'''.ch,.... produce dict..... t ~rtl.l& oriontation•• It ..,..ld ....
r61.~ble to Hrln tor. _etion proc"'<l..... u.et pr<><l""''' • P4rttc1.
ol"ienl.&t1on .l.a1l.... I.<> that obWJ.ned 117 ~t1on tIZlder t1dd condi-
tton.. B:d.e...lft It.udt.. b7 • VO"JI or ..t.a..w. ens1rlH'" On the
fIlcHic Coul, prMrallJ' lmo,.., II the 'fTlul..a1 lnItitol.a. In....stlgaWd
lIMo """ad.1n« _cHon 1'""0-.1""". Endeub7 (J,J) p.....nU •• ono or
\lie ....ulU or tlHlII .tudio., " •••onlJ' knMd1n& o~ rcU~ _thode ....
11.1<e17 to ...proiIuce .....d condition.," In....tipt10n. b7 Yall'~';' (44),
Hft_ en<I Vall."'!. (45). Orl.olon1 ard Sen<lboorl (42) ...... \lI••"",,~1..ce
or .......0.1 ....01.. with till knead.1»a eooopIlcto... t ..d to .ub.tant1o.te
tM.. coacl..lon, Tho ."""r1.enco ,;.1ne<l 111 pre11.a1n'17 .tullio...r ......
p&OUool prccedl\ ror \lI~ 1n...ttp.tlol1 l.d to u.. concl 1oIl tl>o.t










































































































































































































































































































































































































































































































































































































































































































































































































































































-n.. '101_ ooc..,lod b)' .. """".,ltd.ted -.tJrture ~.od
or .. &1 q.-Ut,. or .urept.. w:Lth~ _to
or b1n4 w1ll boo d.t4...u..cI b7 till bin,,",r eont.ent,
GUIer flOCt<lra ..-inin& ..""..tant. _11 ~re"'\.all"
or b1nd.e.. act lubrioant IOIId ...ut lh...U g.1oa
too .tw.lll Ih do t pack1n&. The bind".. 11 " nt
.... thin r11.- aurl'Ound1na; Heh partido of .U""S&"".
_ additional bindo au... &n inc........ in tMe_..
or tho.. 1'11000, tll "7 reduel~ tile f ..1olland re-
daWn<:& to e_etion. Henc.. up to .. eart.a1n point,
t.IIe... 1. d1la1nutlon in the t.o41 '101_ .. eM binder
content U ine.... ""IOd. At\<Ir t.h1ol po1nt 1>&. bee"
.....ch.d, !1.Inher addUiono or binde .. , b1 inereulll11
ello tu.. tlIlel<n"u, will ..au" .." in......... in ",1..... ,"
With lb. ruli.aU"" • •that tbe collesion coooponant or the ahoa .. atrel\llth
or blt~oua ~ure. 1••tracted b7 ••pbelt eontant, th......l.tlon b.._
......... tho optau. uptW.t content &l>:l dander tor .. 11lftn ..t or ... l.<Ir-
at. to eM .......:1.11............. '''''''''8th of tlle .1Jctut'O bee""",. or critical
1Ioport&nc.. Nappe (1) o.nd Indo...b,. (26) potnt out that thot pr...en•• or
the b1nd.r .ospU••tu the d.terain.tion of tho .t&bllity of the :IliJct.......
In.,...••ed quantit1... of bit,..n ine~s. the eohuion of the ai>cture but
.1&l11tan.....17 it ••t. u • lubrieant ""ich tend. to ,...d.... shb1l1t:r_
1'.iJ<t...... d•• l..gn _tho<!. oft.n indic.t. tl\.o.t owWo\lll .tabil1t:r or • od:l.
t ...... 10 .eU• .-ed with the collOb1n&t1on or agg...,.t••nd bit"""n that pro·
d..... __ d.ndt:r_ 'nIill ob••r .... tlon. in gen.rel. do•• not hold true
tor tr1uial te.t nel....t1on. or .he.r .t...ntth. "he... it ill ",,1.1&117 ob-
....- I.het ..xa\lO .tebilit:r oee ..... for uphelt contents 1... than
tlto.....quired for ..n- d.nsity. Goetz and Ch.n (~6). for .:ulllpl.,
not. u...t their t ..t ....I11t& .ho", ........ ." ••t&bllit:r .t .IIJ' t<>nfin-
iIlI p......... doe. not Oeeur .t the "phalt eontent whieh yl.1<I. aarla\a
d_itT. the .ephalt e... tent .t ..n.... .to.billt:r 10 1... tban the u_















































































































































































































































































































































































































































































































































































































































































































































































































































































u."t upl>al.t had aet...u,. been __Ued tro. tile ".pleo and ro~e"" into
tlloo [u.. o! the PO"""" .ton... • KeC&J"tr (48) paints out tllat tho Ip-
pl1eaUon or tM Coul...b aqut.tlon to blt1&1ne ..a aixtureo 1I lt be ...._
'11.• .., 1Jl 1.1£bt of t.lIa HYersl•• _Uieation. tMt lion b accepted
bJ' ooU••ngiMen ( .... "1'rl.ax1Jt.l Teat1nt of SoUs"). 1I"'"""oothor
a..thor...ta. to chang.. in denlit,. or apad••na during tuting "hlo11
.... t be eOD.1ll.~ .. an 1apU••Uon or dr&1nag& either rt-o.. the .""el_
_ n or into 1t. 1113_" (49), [or ."""'1'11 reporh' "If it 15 re.J.lud
thA1 in tile tr10Jdal "at aU prind""l It......eo On tbo tut pla.e in-
.n•••• \.n..olrlng' ....<I ..otion in ...,1 ..... or the lpeel.aen, it mult be
1nC.,....cl lUi Ula "",1<1 eontent or tho .U....S.te wUl be reduced dur1nt
t.e.t1nl!."
It tt>. ~th..1s or tho ponlblllty of drainage or ICIDO 1;rp' [rca
• .-.pl. o[ • blt~ou. aixtura &ubject.d to tr1ax1a1 t.,ting 1. ac_
cepted, 1t would ••om "••I,.,ble to e.t.bl1111 tho _rr••t, DC t •• l drain-
ag' on obea"- sheu et"",tll and atab1111y nl""o.
Ueing tile "'iat1n~ teet 1,,"clt<lW'<l. (no partlculer ....gard to dr&1n~
~) And the Mohr "irel. Anelyal., the ph.noeen. or the "urYed enTelope
"t tallure hu beon "b••rved t ....queatly. Til.. a"curNr\ee at the curn<l
.....lo~ ht.. c ....e<! u;teneh" coneem &aoon.~ p.Ying en~ln""re ."d no .::1_
paneti.... ot tM c.UU 111 .""eptood w,.h.roal!.T. Kc;Leod (~) ...""Idly
.t&t&., "I"t Wl.0"&h app..... to be known .bout tile tr1&x1e.l tut~ of
bltla1Do... .ut..... to ••te.bU.h ....,. .t...l~1>.t lin. IIohr .n",l"""......
~ tOl' _ llId cllrftd IIohr """'lo~. tor 00...... " The vid..
dh........ ot _otthorlte.Un "Pill1........ tile c..... or "urnd. 9fl",lope.
ot rau_ 111 ..u W ..t ...~ by tile tollov1n& quDte.tlon rr- ~od (51) •
"
·....,r....... Villers•• I.&t.. that 'th.. curoatU>'O or Mohr'.
",,"lope or rail and the ..pp......nt 1nt.ar.~t on tbo
ord1ll&'-- lor th _Urlul ere _nlT .thet. pr<>-
d.....cl bJ' pan.lcl.e eLle ....la.l.... to ~po.d..... el•• , 11..
or epo.t1loln. kind of 10&4111&. IJ.a.1l.at1<>nl of .ut ~p­
........d 1Jl........UUon. and l'1nallJ' ~""'p*r inUr_
p.. taUon of tAl. deta'. Mr. Enduobr ~11..... that
'the .urn."..... "pre.ent. "boo &o....o.""al .trett pl1J'tO
and et.oopl., and the elC\.el\t of it dependa upon the dl-
_e1<ne or)'OW" &_le'. Atoonling to J(r. en"",,,",,.
'w pc turTatU" "".. tt.r. b .. ella",. in density or
the _eae" dur1~ teat' ....We Dr. "...k ltat.. , 'the
h&1"d""~ .rre.t can bo &100 d....n.trUO<! b1 .. """",d
1""'lope to the .t.... clrcl••• ' ••• It Ie quite ap_
panD., tlll"..r".. , cr......nIIWerebl_ <litre ...."". of
opinton exbU .on.1m1nl; tlw .aUla or tbo tunature
or tho> Mohr ........ lop•••
Nljboe .. (109) ootll., "Wlt.h ....pcct to Motu-'o <I1agr.... it ehould be
n.l.-.:I th&t the aixturu witb .. lev bltil<en content show the no"..J.
picture, but tor ooiJ<l."..... containing .,re bit ......n and he't1Jlg e <ooW
""ntent below 2-3" br <001.... the en"'lopinl; CU"'" ot th" c1r<:lu 1&
(borbontal aJl1a),"
IIcC&rt1 (48) bel1....... "The dn1.•t1on ot the ""lIT "''''lope t,..,.
oben",e in .truetural p,..,pert1.. ot the ..taral d"" to internal re-
~nt ot "U""llaU part1elaa in the -.11. ete" lt11ell u" neea.....,.
aee.-paniMllt ot IJ>e ellanll!ng eoneol1d"tioll," EatMn (~2) rdterat..
McCart,'. beJ.1er,
ecme1der1ng UIe ... l.,glIt or eridene.. that b1t>a1no1,l& a1J:ture ap"c1-
.... ebanoll" in 4endt1 dW"1nll a tri&:d.a1 te.t &lid Neallins the ex~
plaDatloD. ot tbe eUl"nCl ""... lop. or r.u.... tlIat hee be-n aee"l't.ed tor
~1 Mtlar"t.ed eoUa, 1t 11 llke~ tAat a a1aU.r ""l'lanation 1.
"
..._1. ro~ bUIAlfto.... a1J<tuna. It this b. the c..e, tile nHd tor
..U.bl1.lUn« the ,rrut of tnt du1nl.p eond1t1ono on 01>00"_ ....r
.~th and .00......1.4 _uur••nh or the ehaltlle in 001>_ ot tile 'p"01-
_ tnlu eU loado applied d lng t.hol trlwaJ. tnt bee iU·
eal. It 111 thlll line of th0U3ht tl\o.t I.e! l.<I tile reHarch ported t. ...1n.
XooleU,,,..hip or .til" Void. to Kin..... llutlt!!
I.n7 otud, that eOll~l.at..........1nI! tM .~ 111 \"01_ or • hl_
...1<1. in U. a1J<t....... It 1t 111 _ tllat tlMo .Urep.te partiel.. &ncI
tlMo bIt...." are incOIIpNluibh, t deere... in ....,la .<>1.....~ be
..c....l1.hed onlJ' bl • 4.., ...... 1n .1.._",,1<1 ...1....
TJ>. _jon17 ot .."-bU.Il..:! lI1J<ture d..lgn prou<l.....1 "roe_nUr in
.....~.Ul or .~.t llodt. I.e> tho P<>Wlt ot ...ld. in tbe cCIOpOlclAd
opeelMn. n.. cone.pte rene.ted in tbe ..t&bl1~nt ot ¥'Old 111:111.&_
tio... .,.. uprelled well in Hl.gh...., 11"""1"011 BG&l'<l Bulletin 110. 105 {53},
"In d.. \.,g:rUJl4I bit.a1noue 1'...1", IWetU"" or thll d""••_
gra<led two, it 111 duinble t.o ""no the ...ide in
coap.....1<1 opec1aeno abo... lUna.. pe...,.nUote and
below. _x1Ioum pe...,onl.&&0' The I1n1&.. pereent.&ge
or wide aho\ll.d hoi eueh .. to ..U"" tor inC,........
d.....Uiut1on by t,...rr1e load. and to,. up..tI.ion of
t'- """'Iata e.".ed b,. U"".... tUNI ine....... to ...old
..X\M11nt bit........ on ~ ..... rae. e.nd """''"'lu&nt ... -
duetion in s1rid .... t.tMee ..nd .t&bU1t,.. Th• .u.i-
... p&,..,.."t~ of ",1<1••l>oll1d be ..t .t .",,11 ..
point ... to in........dt1ei."t dendt,. tog.tlle" ntll
otbar d••1r..bl. prop.rt1•• , • .,ell ....tabilit1 &tid
Un<IU••t"''\ltth.·
It. oIooll1d be ""ted that tile .bo...t&~nt ...eOQlh.. too> l.oiportant
r-t. or tllII p......t .tud11 C.. l d....1t1 M:1 ine &tid th....for.



























































































































































































































































































































































































































































































































































































































































































































































































































































































































h_lac _ioa 111 • &1_ w, nrl.. in"'radJ' I .~ ... 1~1&bt
U- otlUl 9OilIl. o ._ (1) d1aeul1" !.hi dr...to or 1..... will conUDto
.. rou.-, -It"~ _wr t.. N&llS<Od t.l>o.t 1II .. .....,.."to.d -.l.~Ir&1
~pt.e 0... is .. -.tiAl&1t7 t..t_ 1nd1~ _14. b7 U:. 1Mol"-
1_111& of """t~ ~Uc:l... H. '-a...r, ~ho wldl in I.hI co.-
pact.ed -.1naral .SV"'IlIUl ..... owrrUlad. tho ..... r.o.. or Mjacont
acll"'IpUl putlel.. Y1l.1 t.. bpt tra.:u1t1n« int1.uta "ontoct and Ul.
ItabUU,. or tho aUt........It inantablJ' boa va"U" NdllCad b7 tho
lubrlut1nll o.<:tlon or tho. b1n:l.r.- •
NIJ_r (49) dr..ws tvo lJIportant cencluslenl rlllanl.lnl! Ul. ItabU1t,
ot wt,,"," v1Ul YI.., low porclnl.ajr;os ot _ld.. H. tn:!1c.lA. that to..
1I1J:a. with Ian than tw pa...,.nt ¥old•• par~ ot t.ha .~.rn..1l1 o.ppHad
"'"" 1. carrlad b,. llqoUd pl>o•• or tho .ut..... ""d th.t a ... .., rapill
d in ...sist&nca ouW"S a. _ld """tanto I." IWiUl:Id to t __t!l:'ea
pare t. tba tint ot thl.. eood..lens iDt,'O.h".. I.hI eonee;>t ot pD1"I.
p ""'. a.-.d o.!f.cti....t ....... 1.0 tlla .t......7S~ ot a bll.1a1n<>t>1
a1.l<t_ and 1apU.a thlt, in a tashion .JaUa.. to .oU, tbo ... woald boa
• d in ..."t....l u and an 1ne in .tt.cU... • tran it
t_ PI'OYidad ror d 1nal!a. Tho. _n to.. tbo u..llAl1on ot thto
coneapt to .ut......s ot 1 than two pore""t ....ld. 11 not .~.....,t. Th•
.._ concluslon is .. diract outvowth or tho ttl'lt tor ...tr.cU...
• t ........... doc..alJl(l 10 WOI>l.d tho .boarlnll ....hUnc. ot tlla .ut......
IIa NII.ad.
All ot til. p......1tIll c_to 00 tho .tr.cU ot yoill. in .. a1.l<t.....
-...I. wltII t ..ir ..nect Oft .tabillt,. "'dcb l.a tha prWtT cOft_m or
































































































































































































































































































































































































































































































































































































































1Iollk apN1t1. vant7 would 11e1d <:<>rnl.t nl".. tor the ...,1.... of as-
,"pt., 11' lIMo bit absorption is thoo toe .. abaorpUon tho
&ppar<mt lip_dUe t: 1ly WCluld 11_1<1 cor t ulh. How....... , 1n
ce..ral. tM bit ebsorbo<! bJ an aggroegate is 1... thatl the taO\Int
or ..te.. the 0_ .u....gat. ""uld eb<oorb but 11 SOIlII t&llgible ..al ....
gJ"Nter tlu.n UN. TheN!........oids ""-PUtaHon. us1nt de""...p"ei-
ft. £l"'''1t1 inco......... An .gg....g.t. "Pecitic g..n1t, tho. ill .OIIl-
I>"~ "dng 01..... thet "...,vill.. on aUOl41lce tor the bit....n ebo-
oorblod wuld bo the ...t eor,,".o ....111.. to liP tor void co:oputations.
The Bulk_iap....gnated Specific Gravit, ••tl.ti•• the need tor .. opoeiC!.
SU"ity .....IINd .. 1ndleet41d (57).
J,. ••cond approach to lIMo "rob}. or en.luat1Jlg the .rr.ct or ab...,rb_
Old. bit_ in ~c1flc 8 1t7 ..... d.""Loped br Rica (~)(S9). In tM.
p..., .......... , ..~... 1hI<> tical Den.it,. ot an ...caopactOld. 1I1.n or
~"'t:.t. and b1tUMl'l 18 d. This nl". IlIlJ' be IISed to ute
an etteethe &p4eifie grant,. of t.lw ~g.u. which inelud.. the
err"". or the ebsorbed. bit...n. aeeauae or tile ..-l.U....1.oIp11cit1 or
the ..thod """ 1n....t1l.to~. p.... rer to "",rt '11th th1.o procadllt'tl.
St111 oth.~ ..U.od. or .ccount1Jlg to~ th••b""rpUoo ot b1t_
b7 """pte ........&ilab1. (60){61). Rae.nt .....ulto or Hod.-It.)'II.~ (62)
1nII.~.te u ..t tha Rio thod .....1......... tl>a .,.t o....1.otent and U",
_t c t tor. 'I1d r1et1 ot ogre,.tee or &11 or tile pl'Opoaad
_U>ooda ot l1>OtinB; the .,rr.ct or .~l"bed bit...n on tha _cilic
P'"1'7 ot aavepte••
AU ot tao procad_ indic.tad abo pl'Onde -.na tor o.-puti."l
• wlaa tor ". pa..-at .*"".1011 or bH "" aur'"late. IIcLaod (5~)
u ode U..t u.. .dll" tor ...11:1. 1dn.raJ. eq...&..h and ... 11:1 content
bec~ on the b.o..b ot t .... ASTM Bill SpeloH!o Gruit:r (6)) and an
au......c. tor t .... bit.....boorbed b:r the .U...&&h. 1M.. ,,",oeel,,",
d.t1n•• th....1_ ooo"P!<>d b:r the &«ll...&&h """""'..... h and .-.clue..
tlta ...1... ooc",l.ed b:r the bit...., b:r tho &a<>unt ot bit n ..b.orbecl
to' tbe agraph. the MIt dt 1e that tbe percent id. o~uttld.
rep nt t pec. 111. ...b:t tb..t i.e t.... ot .oUd. or liqu.1d•••
uo te1:r po..:lbl. within the pre.."t 1rn<>v1t1d.&. ot tho .ubjeot.
In addition, b:r thi...tl»d ot .....1:r.1e. thoo "'pll&lt .ontent would be
_ on the ....,,,,,t .ctuall:r ul.1l.o.b1. to till the ..oid. bet....n an.ral
&&&"&.te !>Utic1•••
e-, tb. bub ot thoo literature "'1'1._. it would .W..... tbat the
ob.lnth.. ot thi...........h o.... titute • "''''''10&1')' "'xt .tep l.tl the
d"'u<II-'Jlt or Ill. technical. Icnowledp ot t .... per to......"" ot bitwdnou.
a1I<ture. und.r tr1&x1.1 .oap.....1on 1oadinf;.
"
N' Hetion of ~h. report ducribe.. al.l d,taU....hting to U..
\en. ~..ro'- including .. d....crlpUon or the uteriah used., ch&J'acUor_
1..t1<>0 teet ....,.It•• tile ,.It.• or .. atudr on __11 r-brlcaUon p"".
et<I""",. t.h. -.qui""."t d l~ tor tile 1m'olUsoUon. and t.he pro-
clodure. 10110_ in tile tr1&ld4l ~....don t...t1n& or dol naple.,
lLotnta1.
Th<o bituainoUi cone"'" -ht. "ul1Pd ter tHe Itlid,' cho..o
to be tTPical or Iu<:h a1xt....... in at tJI.. p......nt 11-0 br 10..
Ipnei... It __ not 1n1.eDded that tile a1xt..,... ..tul)' tbe lp"c1tlu-
Ucel of""J' on' orllaniu.Uon. Ho......... , tile a1xtW'tl d... HUll')'. in
1_..&1, the ...qu.~h of the State H1gh....,. OIp&rtMnt of Indian..
tor Hot Aapllaltlc C<>nc ....te Surfue, Tn>o A {6lo).
'nil ee.polUion ot tbe .ggrept.. blend liIed 1a eho"" in fable 1,
hbb 2, and fig..... 1. !n P'1guJ"I 1 tho g.......Uon of h,' otblr a1xt"....
an ."""" for c~hon PIUJlO....
Th, C0U1I1 aU""'gat<l (perelet .... ta1necl on No.4 du.. j ut111s«! in
Ud, Ituq ....... cl'Ulhed and .....hltCl l1Joollt<:>n' r .....Intral Indiane (ab_
onto.,. 110. 6'1-2:5). the la.stonl .0....... 1a local«l in tbe St. "-'...1..-
to.-t1on and 1. at Ki.,1..1pp1arl -a'. Th. U-.ton. 1e clll....ctel"1Hd
b7 • low po.....U,. MIl • tin.........1ned te.tll..... Th. nl".. ot 'p"clth
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Bulk Spooeitlc Gr....1tr 2.660
App&rent SptI.1tl. Gr..,1ty 2.7'00
%...ter ebl"."U"" 0.63%
TlIe t1M agg g.t. (pe""ent paul",g the 110. ~ sie,.., and ....taine<l
on the No. 200 Ii ) wu obtained ll'OJ:l ho :ooW'tea. TIle porUon pau_
inl': t.hfI 110. 100 .1<1 'reI")' unHona duna un<! obt&lnO<! naar Konon,
Indiana. The reu1nde .. of U... fllle aU"'gat.e "". obtained r,.". • 1<><:&1
1"1 ," terr••• d_po.H (laborst",..,. ....p1e Ifo. 79-1). no. apec1fie
g rlt:r 'I'll1",•• obtained b7 ",,1ng ASTlIlllflth<><l C-128 (6) ....... ,
110. 79-1 Dun. S&nd
Eulk Specific Crn1t)' 2.~74 2.~95
Aw-rent SpecUt. Gr....l~y 2.n5 2.656
%...ter aboorptlon 2.01 D.es
Pt>rtUrd ._t ..... ",,&<I tor tM till... (per.ant paning the 110. 200
ata"). TIl...urial uaed wu • 1'7l>e I e-.t with. specific snnty
or J.15 fltld ",cloned all ....qu1r...ento of ,l,S'rlI dut«nation C-15O (65).
I'ortLo.nd e""""t .... ehoun tor the rilla.. to in"",.. • aupp1:r or unifors
..t.erW _tl.~ the du1nd gradation ....qul.-ento and tor itl ..... in
II&ndllng 111 the l.o.borat.o,.,..
h u.. q"..tl.on of Toldo in the "_clAd -.1.xt.=- .... erHieal to
t.lIe &.'1<17. 1t va. d.-treble to obUin eboo pereenwge or bUlJt<In d,.orbed
bJ' tile .U..pte blend. nu. probl...... approeehed b7 t .... dUr...nt
_UIo<I., (.) !hIllt-1Ilp:'&gnat"<l speeir1e C..rl.t,. (~) or U1. """,g.t..
IUId (b) e~",t"d tr- tboo Jf.O"j-,. ",.......Ueal D.n.ity (59) or the "u..-
pt.. bUnd. Ua1ng tile p"'eed....... outlined in the ..te..neu Wleat""
tor u.o ro...r p....e.... tile following .... lue...... oI>t.a1ned,
Bqll<-l!:>rem.t..:l Sp. Or, i' bit_ ..t>eorbed
e-r.. Aurae"too 2.671 O.l~
,~ 'llu-pt.a 2.642 1.01
lbo tiU.r ..terW .........-d to .beorb no bitlm*>. U.in,g the
..l:wne d.t., .......rate bulJ<_1tIp"'pte<l .p.cHlc gr.nt, ot the blend
ot 2.661. ..... ,,,,,,,,,Qt..:l ....d ....1110 or b1t""",,, ..boorbed tor the .ggr<IIg..t.
bl-.cl ..... tound 1.<1 be 0.61$.
\filth tbe _,.. The<> ... tieal Dauit)' (ale.) proclldlll'O. an ...... r&ge
.tt.cti.... •pec1flc gr.wit7 of the a&&"'Ptoo blend ..... eOlOj>utlOd to be
2.672 ....d tho per....,t bitumen .b.orbed 11&' to...... to be 0.12J.
It ..... consld.red tllat tho ..uuu utoobl1ehlOd b7 the __ Th.o_
... tical Dendt, procedure _ ... _ ....propo. to thh stlld;:r ... the)' reflect
the ....""" ch....cterl.tlcs ot the blend wh....... the BuJ.k-lJoprepte<l
Spec11'1c O....nt)' proc..:lure utebl111hed thus .&l"u b)' cOIOj>ubtion t ....
d.t• ..un.t10n. on the ..ggregate !rection•• '>11th the .""en.nt co la-
t10n ot the re."a. of the too., pro<:ed....... tbe choice ot tut ..u s tor
.... in du1&n 10 "'leUnl, W11mportant.
An 1IS-100 penetrstion ende uphalt c_ent pronded b7 the
f.""" e-n:r r .... tbe P'Ort Ned... ",tine,., tor in tM••tlld;:r.
Teet ....ult. on the ..epheJ.t preeentad in Tebl. ).
The "&&J'8gah blend choe and tb. range ot upheJ.t ""ntenh con_
.1<1_ tor the teatin,g pro,..... _ e ..aluat..:l for g_raJ. euit..billtp
...........halt paYin! a1JI:t..... b:r ot the "...... tlall (40) and Stabll_
.-etar teet proced...... (41). lbo O>1te ot thee. charecter1ution
,"y .....-. in r.bl. 4.
"'."<)
...,.].~ or TMt.> Oft bptl&l~ e-tnt
...., ..tion. 100 It., } _., ~,
....t ...tion. 100 ll •• } _•• , )2"
Son.ll1JlI Po1>lt, lt1n& ...,<1. 8&11. or
Doo:tUU:r, 17", ....
Flaall PoLflt. Cl..d ..d ap., C>op••,
Sol"bU1t7 111 t:Cl". $
Spot ~.t








"nIt. or Ch&£!el.e"haUcn r ... t.o
K&rab&U "'" I.l>c>d kaa,lt.I
upMlt Content J St.o.bU1t7 n_ Ihit. IlItlQlt. ,.". , ..ida PUlId
bz ...1l;t!1. or au ,~. l/loo in. Iblcu.n. '--- ,
'." "" U., 14~.7 6.' "'.,
4.2~ u6> 1).' 147.) '.6 '".,
4.as u» 1).8 1/,9.1 ,., ".,
5.19 "" U., 149.5 ,.. .,.,
$.74 "'" 1~.9 U9.1 U 9'.'
CI':E. nn. aurev-t.e 2.2
OU ZqW.nl..t., e_ ,,"",.lA ).J
Surtaee J.r<o&......Mb. 18.S
Optt-a UphllH Content., :J
br _.i&ht of ,,"...pw 5.2
A_ChaIt Cont.ent J
b7 _1&ht. '07 _1&ht. or St..bll_U.r lkIit ""11M V01<l. V01<la
or .l'J &£8""nU 'd... Ib!su.l"t, '--- Pillfld E
,.<>6 4.2) " 1~.4 '.7 67.S
4.27 4.46 " 151.4 ).9 7'.7'.77 5.01 " 152.7
,., 8'.0
'." 5.6) " 152.' '-7 ".,
B&tch1nri .,4 K1Jd.Jl'
n.. O&Ire«,,148 IUI"<! ..ere batch'" bJ cOlllJlOnent tr.ction••ccor<llng
to u.. blencl r.".ort1l•• B&tching .....cc_U.ha<l ""u. co14 4r1&4 ag_
1!t".!:.14. lUling a to ....1on balan••••n.U1.... to 0.1 II. Tho bla""'" ag-
~ptu and aopha1t ror a bat<:h _ heata4 llpar.td7 to )00" ~ 10'
in a ,,"rl... llao ovan. At th u- th. za1J< 1ngrecll""ta .... re be1n.!:
lII.te4, th. 1l1Jt:1n.!: bowl. pa441. an4 lI1ac.UanoolUl .poon' Md spatula•
..ere lII.t-el. Tho ooab1ning or th. &g@:repte and asphalt ror • batch
.....cc~lLoh.d lUling a Toledo .ealo (10 K.!: c.p•• lty, 1 .!: d1....ct ro.d·
1ng). A ure ....1,&ht ot th. lIl1xing bowl ........corded, tho hot .M"'1I8te
.... add.., to tho bowl, and. till coabl.ned ..e1llM not.,.. Tho ditr• ..."...
1n th1• ...,id!t and tho ta.... _l.gM or tho _1 o.t.bl1"hod the .ct l
....1,&ht or hot .u....!:.t. ""od 1n the bitch and ..... till ..el.!:ht us.d 1n .U
upt.alt content c~uUtlon.. The huted ••phaH c....nt .... added with
th• .uint bowl and .U""'II.t. on th. Tol.,.o .cal.. Tho dir••t ••ad1ng
r"" ot th•••ala ""... tttO<l control or thl ......""t or ..phalt added to
tho ""..... t one VU. A ell.ck On till ....18M or • ..,balt c...nt lUIod wI.
IUd. by noUnll tlla dHr"r.ncI in _ight or thl p"" or asphalt boro... ""d
Il'UIr e<\<llng tbo IUt.orial to tho .u.....!:.t.o. A tl'Jll..a1 _l.>: ....01'<1 1•
• hown 1n Appondl.>: B.
Wtth th. du1rod 'l"""tltt•• ot bot ... t.rllb in th. bowl, -1.ldAII
....cccap11a1lo>d 1U11ng • Hobart Illctric &in. (_.1 N-50) _U1e<!
wit.!> • apedal Il1Jt:1nIl pa<kll. Md .c....per. fb.~ we. cont1n\l&d tor
two a1n"to••
&l'UIr mnn" tbo batch ..... placid 1n ••ballow. nat-botto.d ...tal
,.. lIb1ell IIIll ...... hI"tld to 140". C........ I,,"relled to obtain, as
nMJ'l,. •• pouibb, ill tAIrW fl'OlO the al.>dnl bowl -..d w ..r pa<\db••
h two batehe........ n r,. to p,."rid.. th..... tod&1 n ..,. tor tile
t.brl••tion ot on" sp"c1lMn, th...bo... o.1.l<1nt, p""eeduNI "'s 1"'.t.fId
whil.. thll t1.... t batch was storlld In • 140'P o....n (lIlo.tri. Hotpa<:k _.1
14~U) to p,...vent u .....I .....ooling. Th.. two batches we"" oombined. and
hand-a1Jaod in an orrort to obt.ain •• inSl0 ..... or unito"" ..todd.
Tho 1Iin<! llltorial wes .un>d :In tho Mtoll<»< pan tor. period of
18-20 hour. :In • tor.od-dratt onn .t ItO'f prior to e_.tion.
C...pa.Uon
Th,...o ....thocl. ot .000pa.tion we,... ....U.ble tor tho to....tion or
'p".~' ot the .ho d ired ror tht. otUl1,.. DlIlaoUc ._ction vould
hove ....qu1r<>d an inun.i nUl11 ot tho ....L.Uon.hip bot_ hlIight ot
t.U, vel.8ht or ~r, nu:llbor o! blo... and n\lObor or h.Y1lr. in ord.r to
orri" at • uti.c.cto..,. 1',.".<1<1.".. to t.bric.u an .ight tnch Itlgh .peei-
..n. Til., p,."bl.. ot d.....loping 0 """"bL,. unito,," dondt,. thro"8hout
tho height or tho 0p".1IMn jor obj•• tion to .toti. coapaction.
The third _thocl, kn••ding coapaction, u<lllIOd to ott.r tho bast po""l-
biltti... tor prorid1ns • d..d ....bL. opaca-n. In addition, thi. _ttlocl
ot oOlllp&cUon "30 c<>nOOl'l&nt >11th tn. pr...ent t ....nd ot thoV,ght "",anttlll':
til., !o.-tlon ot • 'P".1.-.n ...t n....l,. lik. tho pa......nt prototJP•.
th.. prin.tpl... ot """adlng c""",,,cUon heft ba.n di••"".ed. l'Nquent_
r,. u ha.. boon tho operotion ot the _lOdinl ."'"Pl'ctor (U)(44)(38). In
~al, tho c.,..,..Uon pro....... 10 "COIlPlhhod .. toU..... , IlaUrial
10 t<Id into the IIOLd ..Mch 10 lIOunt<l<l on • rototin, tAlbl... TlIe ""lIPact-
ioJI toot, • pl_1IapId "point with ........0 OPPr"Oxtaater,. one_fo..... th ot
t.Ila~ of the .old, 1a ••ti..tad b,. 0 eOClblnation ..ohanloal and
"
h1<IraIl11""'i'rM_Ue eon~1"CI1 Ipta. The toot lOOns downvar<l again.t the
....~ ""til. p.....1 load Is built up. The 10ld h maintained tor.
abort int-Tnl of ti.- and th.., ""1....ed. A load "yel. r-equires two ••-
cond. to """Plet.. Il.......,.. .....U.ble tor adjUllUn« tho root p ure
....... wid. ran&" or preuurel. IloIUrial IM3' be placid in tM I<l in
Lay.rs Or b7 • continuous no.. proeeu dur1Jlg co"P•• tion.
The lcno&d1tl& """,paolor _el I_UaMe tor u..., 10 sh<»m in Pi~
2. It ..... cOlUltrueted b7 t~.., b.su.t ~.&nuJ.eturlng Ce<>panl" of Clak}And,
c.J.itornia. A ."",,1.&1 ..ld, Y1~ J. lu1table tor the t""",,tlon cf
Ipeeimonl light inch.. hlth by tour inch•• in di~ter was con.lructed
in the ShoPI of the Sell""l or Ciyil !!ng1n...r1tl&.
The general .,,~ of ccmp&ction <:0011<1.....<1 tor t.l>1a .iudy eonll.t·
ed. of pael.ng I portion or the .....ple ooixture 1nt<> !.he mold, rodding .nth
• thnle-quarter inch dl.....ter bullet-no•• rod • ..,,<1 .""lring • gl..."
nlall>er of tamp••n... IOhlch the .--.oW".. or t.I>e Il1x ..u ted into the
1lO1d ...tU.l. c_ction "I oontinuing. A tJ.na1 """,beT of "".pleting
taq>a on the surface 01 tM egple cOIOPlated tJ>oo oample labrication.
The pl'Obl e to aetablhh the ..,.t dee1J'abl. cocbinet1"" ot t""",e.
t<>CIt p ..,.. •• etc. lor- tile tBbricat10n ot .pociene fro. tile aixture
t4 be ua.d lor the et~.
Th. crit.ria tor- a euitable apocaen ..e conoid....d t4 b....itono
d....1t,. and 118pluLlt content thl'Ou!1>0ut the Ilei,sht ot thll a""Ple. Uni-
r"..it,. ot th_ t"" ...."".. 1mp11.. a unitono d1atrlbution 01 wide
throU&h<>orl. tlloo aplc~. Void ""Horai,t,. coneld.re<l desirable in
UFt 01 tIM purposea ot tM .tudy. To .n.1 t. t.h<o unllonait,. 01 u_
pbalt _1«1\ and deait,.. Nch IIP""~ toeda tor- pllJ"PO..a ot dnoolopinl!
..





















































































































































































































































































































































































































































































































































































5. n. .. toor1.&l in tM _ld ...... ellb.>-et"<! t.o lS \ups of U.e
\UP1>ll toot WIder u.. dnu.d and !'"....t toot p.........
6. n.o.-1nder or tile .~l..... 1ntnlclllee<l into Ule .all!
..nu. UIoo c~ct.or ...... 111 operat1<>ol. et.-tlW'd of W.
portion <_..qllUWr of tha tot.a.l ~.) ...... add..,. «"'1-
Ia&l1J' ..... r nch of t.Jtre. t ....-&1.....u p*r1cw:l.. ill .U••rial
....I.<>r"Id in U.s bNt~ ..- at .. """"ret_ of 2JO"P'
~ W ..,tll I"Nod:J' t .... ......,.action. Thill proeed.,," PIIT_
odtt.e<l u.. _UnUm of an~ on u. _r......u.. of
tile orJ.&1n.o,l .-pl. >iU.l_ tilt. ~nl1t1 beillll add.:!
t.o tho _w.
7. ,...., Ilinutn or "-P~ (60 ~.) .... applied to !.he sur_
r.... of U.. ""Ure Napl••
8. Tho _lei .........n<! r.... the Itn..d~ c..-pect.or and UI"
...ple subjected to " double plungtr .~tlc load of 12600
pounds ... tenting load. 1'h1.o 10-.1 w.. eppl1f1d st " rat"
ot 0.025 inch.. of deCo,.,..tion p*r l>1nute and .......1...0<1
_tawl..1 '4"'" rtIIlcldng tho load ep*c!ti.cl. Tho lo~~
... awU." b1 tho US" of " Riebl. Tutin« Machill*, so,oro
po>w>d _dtJ'. <Ond h...illll" ft:'LobL. "PHd drbe.
9. the _ld ... all_ to eool in air tor apprcl.u-Uo17 JO
wlltn, at >otI1./I La. the 1I01d ... dl....~ed and u..
.","- ••••ud.
10. &.do apI'C~ -.1 tor ~tU1utlt>... the bul): d.,_
_1\7 of ...." dn.~'" r.... u.. ,11_011_ or u•• _ct_
_ t.... p or •• tablUldA& u.. ....ltwalt7 ot u.. .,..u--.
"
'"
11. Ul _pIIcaen. we.. at.ored in • e"""tant t_rat\lJ"l
.tmo.pho .... or 77"' until t~ tor te.t.1n,g.
Tables pre..nt.... in J.ppcndl.x C .how typtcu de""U,. and a>:tr.ction
uphalt. oontent. rtI,.ute tor "P••~. __ br tile ro ....goin~ pre"<>d,,",
at upNo.lt c<lntAlnta bJ' lleiVrt- or -.txt.W"II of 2.8, 4.0, Md S.O porc.nt
and at 150, 250, ArId 400 I'll eo....etion toot pN..IIi..... It _, be
not«! in all CMa. t ....t the unitondt,. ot danoity .......11 withJn the
lWt ooutht. In tile lI&jol'itr ot cuu, the densit,. or tha • ..,ti""a
.,..led tr<:e the .... rq<o br 1... than on.~lIaJ.r or one perc.nt. 1M
unitono1t1 or Upl>a.lt. oont-.t thot .... desired .... attained in aU
ape.i.e"".
Controlled Temp.r.to.... Rcoc
In ardo.. to ol1a1nate the "".able or "-raturo and U ••nach
upon the telts perto.-d in toll1.. stud,., • controllod-u.p.ratt.t tao._
pMre .... O>I'II1d....d n..,.u&l']'. J, ""_r,,taUT ...allahl. unit ted
by '!he Ebctrlc lIotpock C<WpIU:l7. Inc., PIIU....lphl•• I'eMorlnn1a. W>da..
u C<:!nt.rollood &l'riror-.tal. _, Koclal 8316, ..... ro".,d to ••th!)"
all qu1r_nte ot the projacl and .... abw..1ned tor QU.
'!&UZ'e 4 1s • photognph or the u:tar1or or the ""ntl'Oll«l-~
.r.t...... ...,.. ..h1la r1,Jur. 5 ._. th. ltItor1or or the ,..,.,. with 011
tut1nll ~~nt 1tI place. r1g""o 6 .he"", 0 <>1"'0-"1' ..lev or tho con_
trol. p...a.l ..,d ....col"d1njl Wlit on the ute..lo.. or the l'OCIIIl.
""" obtt.1nod "". 6 x If x 7 r..t ...<1 ........ubi«l in the lab-
.....tor, r rOld' p rAbrlcAted ..ctio.... .Io.ll panl"". or the ...,.. in
_tact >lI.tIl the wd1nll At..oaphe... conta1ne<1 .th"A inche. or pn-
3 1 &1&N -.1 A. inoulat1on. -ra.p. ...t ...... control .... proo1_
"
FIGURE 4. CONTROLLED TEMPERATURE ROOM-
EXTERIOR VIEW















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































). o.1ck ..1 pre....... collfll-inl:
,. "t..r rTOlr t.aP.t
S. "t.r 1>- "-'>k ouu.t -.J. ...
6. ""rcU1'7 nolr control -.J.n
7. PI>~u.,.l.... ph.Uc tubi:l& (1/4 l.Jlcb 0.0.)
8. Cl.llbl'."*! .p'inf;
9. I'1MUc .rcury ..,..,..,.,1,r t~
10. I'1MUc MUUI'1nr; t_
il . ~trlc ..,al.
12. Po~u.,.hn. plutic tubl"1 (1/' 1n<:h O.D.)
1). BJpu.....b.
U. 1l....IIrll\i tlKl. cmtro1 nJ. ...
is. T'r1u:1&1 ",,11 >et.r 1nlolt nJ....
16. T'l"1&d.&1 ",,11
17. T'l"1I..I::1&1 cell a1r ••~ "1...
lao ~a dI'&tMc- nJ. ...
"
in tile ••U ....""tlnUOId to \.h<I ....to~ in eM reservoir ""110 U.e nu-
1M_ tob!.nl; ani tho _sur!.nl; tabu ...... ~l.t.lJ' nlled wit.h ....Ur
ond " ..0'*7. Valves ...... odJ""W eo u..,t • pre.."... _lied to lIMo
...toe.......noir ... tnnamiUed through U-e n.J<1bJ.e tubinS to the liquid
1:1 tile eell. Upon tile appUuUon or p.....ur. to tile .ell liquid (u._
.""Cin1:l« p.....""'" of the tut), .. cllMSo in the le....1 or the ",o ..eury
in tho urlng lube took pla... nu. tllAn&e ... neeted t.IIe In .
in the ..01 ot the eell liquid thot ..uulU<l [toll tile aUral p ......
lort1tJ& the ~Mlo\l. _.1..."". into the awro.e TOld_ ot the ope.a.n.
n..••h&~ 1n ...,1uM of .hoI apeeiDon villi t~ under My load ""plic.-
tion to the apet1aen ..... lOd a tllallf:o in the lenl ot the ""0"'7 in U,.
••Iuring tube. for .""",ple, it tile opfle1aen .~.eted Or d.......ed In
y01... llnC!e .. 1<>&d, "Wl' .nte....." the .ell fN. tile nexible tubinf; """
u.. _reury leY1l1 or tile .....uring hbll ..WId up.....ro. an -..oun. equal to
&rl _qll,balent ..,1.... Slloult.aneoue1l U.. ,..,rturrlnel 1:1 the .....nciT
tube dropped. 1bo d........ in ,..,ight ot the aervolr tube .auu<l tt.
.a.librat<!ld ap..1J>& to aho..ton until a ",,1!o.- 1 1 or men:ul"J' "ld.t6d
!>It..."n t"* h'" .......ur,. tub...
Th....t ..ic acal. lo.atad adja.ant \.0 t"* _aur_nt tu!>l "".-ltW
a ....&ding or the .Ilanga 1n 1..."1 or tha ......ur,. to tba na ...... t ono -tl-
It-tar which .or.....pond6d I.<> • ",,1_ .~. or 0.~97 .ubi••antt..tora.
A ,..,1.- ."""~ or tbh ....pit""'o 10 oqu.l.yalant to a .l>o~ 1n ,..,1__ or
tbo a"".1Ioon or 1.pp1"OJdAatel,. 0.03 ""r.... t. It .hollJ.d be noted that ItO,.
_rftd .l>angoo 1n .or<:UI"J' 1....1 .uat be ..........W tor any yarl.aUon 1n
~,.t ror tho .1Iotog. 1n ""1,,... or tha ".U under tho appU.d "On-



































































































































































































































































































































































































































































































































































































































































u.. _,.,1llll:la of u.. ...1... eb&n&ea <I... to pbton dhpla"..,t. .... p ....
• _ in "'~1J< D.
P'1&"N 5 _ 'ipn 9 ..... p"enl Tl._ of u.. t.rlu1al ;.etint
~lJ-'" _ in '-hu uldJ', n.a to new- .~ .. tl"Orlt n.v of
to'" ,,"nUl« t..- in _lUon odtM.n t.bo t....ll..,,_~...ture ...,...
..nu. Lbe latUr t~ h .. cloee_op or u .. 1_1:1& ero._r or till
rn. w:lUo UM tr1&ld.al cell in podUOI'l. ~ 10 ..-.. .. ...,u.....
ot t.bo trl.u:1&1 cell L'>CI ab<>aJ.<l boo ... ee1 in ecnJ..:"'tl.... vitb Tabla 6
which ............. k'"1 1.O the aaJor _1_nl.l or ~ ".11.
'""" lcwlU1o!; tr_ _ s """"tnoeU<! in the~ or tho S<:bool or
ChU EnQneer1nf;. 1Jl I_ral, it h at-Har to .. eonsol1dation J'r....
...ill.bh through SoUwn, Inc., bill. with diMndona tnc .....ec1 to
pt.-it lUUn, or larp triaxial ape"lIten.. Load....... appUeel u
dead "'l.(ht In'' ....cnt. to the h&n«"re .t t.h' W>dern••th 81de or the
tr_. lb. "'at" h&ng<lr p""rld<ld .. 10'1 load ...Uo to the phton and
.... "Mel .,."lualftl)' tor pl'Clv1ding "'1l!:ht to balM". t.h•••U pra._
....... a""rt..-1 on 1.11" piston. Tho !0,.,.1'11 ~.r pera1tt-.:l .. 1.0:1 low:!
... tio t.o tM puton. lbl:o """'&<IT v.. "'-.I. tor all 10aod inc..-nh.
eo.."tert:.lc><u vilhin tJ>e l ...... r .,..t_ 11>_ t.I.u .... l~ ~ tile
rr- UMH _ ....ppll.d. to t.bo .pec~ d....1rIf: U>e teet opwaLion.
A .. hnl«l jt.ck1Jl& doo'rl~ ~ "tUl.... to -u,U!n tloo 1O&d1."" ....
loor1sorll.&l d ... \.nf: tu~1n& NPJ'da.. or tloo ~.ro..Uon or tloo _1.
_. ~ lnc..-nh or • ....wI ~, 20, and 10 ".1 to • r....r tach
d"-1.W .put- _N r.briut.cl rroa p1.&U .~l tor .... 1>1 1.0&<1
.2










FIGURE 10, DETAILS OF TRIAXIAL CELL
""..
hy too DetaU. or PJ.eur! 19
1. DW.-ce. 0.01 _.
2. l.oed1"C 1ooo00d tllJlPOl"t
3. LMd1trrl_
/, • I"Ut.oIl
}. o-R1zI, aM! .._My
6. IIIJ.l t",""nl Mal "'-blT
7. .ur .acape -I..
'0 ......_ ..-lid nln
9. C)'Unclr1cal -.ll of tr1&KUl cdl
10. Uflpn head aualllh1,.
U. tt. "."h
1.2. Upper 1_111& cep
1). Upper <traIN.&", connection ( ..-.l..-i)
14. lubber _1Ob:r... v1th O-Ring ,s&1.
l}. Sp'oe!"n
16. Bottool 1.oad1tl« u.p
17. 8otl.Oo 4ra1nlt.r connection v1th nhe
U. iIclttoa hN.d as.-:b17
19. Xo.l.trr Wet ",,_at...
"
Ilppll....Uon. Ax1lI.l d.r".....tio" or the apeci-n ....nured. with.
0.01 aWWt4r d1al &all. 8Ul1P..-dod r ..... top "rcut>ar Dr the t ....
Ilnd >fitb the &fo8<I po1ntn in contact rill> the loadinf; """u!l&r &r<I
po.iUo""" "...... t.be center or the pht<>n.
the tr1ax:Lal cell ..... _Hied ( one a .... llibb in thll Bitla1_
noua Kin"",, Labor..to..,. tro. "rut" rIt do.. b)' QIlpenlander (4).
Tho top and 1>1._ or the cdl ....... or &llllini\llll and the oJl1tM!u ...
bra... C~Nluion load. were oppl1tod to .. loading «8p .... ling 1n
po_iUon on the sped.en h7 _on. or .. hanleM<l at.Ml pht<ln. The
loading oop ""..... to ....".iv. the ."her1"&1 end of the pleu,",
The pbwn "."t<ortod tlv'ough .. """l.leal bUl bushing and g o.al
in the """te.. or the .,eU. Prel1a1nU"T UI.t.e 01»_ the gre seal un_
able to 1Io1d the hillier lateral pre.......a without .W....ol.able leaking.
CollllequenU7, r.n O_lUng Hal .aa in.tailed above lhe U"o.. •••1. Ad_
Ju.~t or th..-b ."....... po ... ltt..ed • "over plate to l>o ton:ed againet
tho o-Illilg wIIich upanded. &&ainat tho pinon to prorlde te .._t~ht
ow. The ......w ... or O1e "eU det.aUe &r<I &pp& ....nt upon t..."". to
Ftg...... 10 and to til. identification key 0_ 1tl Toblo 6.
Tho or v .. ().-I\J.tlg _&l .... OlWCU.rll1 in al1.ainoting lUI,oV'
but it apparant that tl\io procedure ..Ur1all:r 1tlcrauod tr1ctiona.l
rao1ot.allc. t.o the ptot.on. In ordo... t.o ...&luna ptoton rrlctlon, a
p 1n,g r1nll .... ut up ind<le tl'l& c.ll which ........UIbled U81ng ..
d lueito c:rI1nd..... Tho u•• or known load. on !.h. hang.r pandU,fHl
.. e.-puution or tha loa<! applied to the pto""n. Eftl\l&t1on or tho
looIo4 .......h1Jlg Ula p....nng ... ing ... po..tbJ.o throll&h tho callbrUlon




























































































































































































































































































































































































































































































































































































....11..u,. ~necl ten .-bl1 h shown in 'tau"' ll.
'nib p.....,eclUN <I tor all • .-pl•• "'UJll tho.. \.0 t.. l.esUd
viUl • 60 pel eOftl1n1n« _,.Ul'tI. 1.>;1...1.... Wlu\.Old that. 0flII _-
tor t capable, in ~ral. Dr vl.Ur.,t.\d.1n& Wa 101ft!. or """-
t1n~ """ vlu"""t ~t.Ur1nII: or IMldnI. u. renlt. d<:oable
_tor ~ tor all 60 pet eonrl..ldrls _ ""t.. the
_ ~ ... pLoo<:-.l. r U. nnt ...e and ....." by an addl_
t1<>'I&l t .... o-a1tlp .t ....,h n.. cIoIlble _I> 1"'0'".., ...... pe..f"'-
...U tor u.. b~r1n1n&-pre .._ t...u.
n.. .,.U UI"'1J' ... c_bteel b1 ,""tUnc U.. edl qlinder. lM
conneel1tll 1'0<11, ar<I the top includinl! eM pinon in"" plo.... Tho con_
.... t1n& rode ...... rr.none<l by tl.gl>t..nlIIC tile rod nut. 1to...I;T ..,<1 tile
pilton ... pnu-eI n~ !:Ito 1'100•• in eM ."t>or-ted t or tho upper
1O&d1n4l cap. 1hI ....blood eell and epee1aen ..... ,,1&.-.1 in position
vitt>!" U,e lrluial true.
Once the .oll Mel aped",." were pheed 111 tile 1...<11118 f ...."., tile
tut p""'g.....od in • routine ...""e... The 10lld1nll bar "e braJfht Into
.ontact with thll pa1.On Mel IIo(\J",UOd to. bala"•• 1n thi, posItion.
Th<o hMrr lood.lng ........ 10"10<1 and \.1'1& d.en••Uon dial adjuo\.Old in
plac. on ehll 1..-d1ng bar. n.. ...1_ -ur1tl« d."".,. ... ettaeh.d to
u.. "WI' Wet and ~be c.ll was rUl... with ...~.r. llurl:l! the rllllnr;
_>aU"". tbe ..&1n. to the ""111& tube end _rC"'7 ............ ir tabe
..... ck>eoed. Gn.nt1 n- lICIt. e..rt1c1.,t. to rul t.M eell; U1 -
t_ . • all&ht (S to 8 p.i) p applied to the t.op or tile -
........lr "-'11:. -. ...ter rir.t. n_ r.- u.e.ir.aupe ftJ.n. tile











~... pNU..... 00""'""t1.... too u .....tu ...1.~...ll" .... dhconnlct«!. To
check on 10M ..-....1 of dl ail" t..,. tlloo cIll, \.he "\.<Or ""'1.. I.ank
... unlll.1l.J' e1...nod, t./Io outht .d... oponed, ..... \.he .,.U r 111-
ht n.ln opJno<l until d .... t ~er tlowd. rro. the air ..cape nJ.n.
n.. t_ ...ter Y&1 .......... tllen clo &n<l ,to. .......""'11" t.ank ....tunwd
1.0 !U _""port. \11th Lbo cell rill or .. tel", ,be air "capo. ..a1_ Olld
the b)'pau "al eloMC!. 1M cell _I.e .. Wet ftl.. and U..
Yal .... \.0 ,he ..rc , .....not .. &no! tho .......,.!n& tube ..uti optne<I.
Load~ Prooetod.... to.. !"",II.'- Tut..
lo'Hb 'M cooopleUon or u .. I_I oUp". U. _e~ .-s rt&dJ' too
,en, J.n 1nitW dln« or u.. 1 1 ot Lbo .....",...,. in Lbo _ .....1.">&
,__ (...-U 'Hal rMd1nc obtalnod. Tboo _eaen d:'&1n-
• 'tal adJ.'''' l.tI aceonlAqce t.o tbo tw- or \.<lIt. do_ Cor
U. -ow.u- ~t. &t>CI opJn to .. aU oU>er '1P"'" or 'uu. '!'M duUwd
eGl>!1n1nC pre awllood. \.0 Lbo ..tar "",",,1,.. vl.U1 adJllS~ot
of u.. p acc:.-pU'_ thn>ol«b u. e trol ..a1.. 011 tho nlt:'op"
t.anII:. 1'0 oU:-, u.. \.<In, Lbo ...l.4lr 1.. outle, nl...... os-tId
plI"Idlt1llc u.. \.<lIt p ""' to be _u.d to Lbo opt.. whll. 11aul·
~...1J' ....~ paced Oft ,'" 10,1 1.... ~r to balAnce Lbo
...U ~.""" utl:\« 011 LIMo l_~ pht.on.
"aanU'" ot ,be In>'' or 1Ao8t bol.n& plrto..-.....1.1.'11" or tho
...1_ -1Ir'1>\c \ and dtor.....u .... dial ....... obWnod &\ 15 Me""
.n... u.. &ppll~.U or UMo ~onr1ldA& p............. '!'b& IS uemcl ...&<IJ..ac
... "Ulu. d....tne u.. c~Uon .t.t,c& .. w1ll .... dl..on_ und&..
In th. pe~!o..-nee or • 'Quiek' o~ 'Q" tut, • "'ed11Ig o! botb the
'101__ ...."'"~ d.vi•• &rid de!o..... t!on did _. obh1n..t .t ~ .tnutu
.rw~ the .ppli••tion o! the .onrining pr...=-. At tide tLM the t1nlt
0Jd.al load ..... appl1.d. hading. or tb. 'I01..-...aasurin& denee &rid da_
ro~..tion dial ...... taken at ~ ...in",te inteMal. jW!lt prior to tl>a .p_
plic.tion or tile naJ<t axial lo.d inc....nt. In tile int.ryal bet_n
.ppu..ti.... or u::1.1 10&<la tho laftl1ns devi......_ .."lpulaU.d to
...inl.a1n the hanger loading bar •••lo.e t.o IIorhontal u poulble.
Ax:l.al loada ppli.d in this r..Mon untU r.uure or tbe a.pl.
oeeurTa<!. r.Uur onald....d t.o bn.. tal<... pla.o lOben (.) mal
d.ror-mtion e""e one ••ntimeter, (b) the tenling adj ...tAent could
not ....tn1.a1ll pace ith dero"...tion .roi/or (c) the amount or YOI.-
.hange ....a ao , ...at .. to pre••nt • danger or roreing the ..reUf7
1.",,1 be10nd the l1a1ts or the yol... _.uring devita.
It 'Con.olid.t.... Mtk" Or "eonBOllAated-l'artlaliJ' Or.1nad" u.sts
...... ""inS perl'o.-d, ...&dinS....... ....". or the '101.......uur1ng dsnee
and the d.to....t10n d1aI at t~e. or 0.2$, O.~, I, 2, 4, 8, 15, 30, and
60 .-inuu.. atu.r t .... application or the tOnrinins p...ssure. ... plot or
tlllo YOI uurins <!erles readings yer.",. t1Jlll (to .. lossrulloue
eeal.) p"'pared as tho ....ding....... obeer..-d. Pull c_.cUcn ot
the lpac:""n under the appl1ad conrining preasure _..ad t.o hue
oceurrad it tlla 60 ai<lute ...ading plotte<l as ••t l.£ht lin• .nth the
.........1.ns points .t .. &.lope .W....Jabl)' Ie.. than tht.t d.t1ne<l b)' the
plotted point••t earU t1aea. 1Me proc... 1& .uU.... t.o that ""....


















































































































































































































































































































































































































































































































































































































































































































































































































_HuU...... the tnts ..." p-rto.-cl in .,."eU, Ul••_ ....".r .. U.
routine "".u.
"'''''r 5at....ntod tute
'ho tests ....... p-rto.-d .o.e""r ..lAr ..t""-t1<l,, ot "p-et..8ns ""teb
b.,l be.., ~ttod ... " «1_ ,..t ot lnltLal .."""'iU..... or ur>/I&lt eon·
tont, ~t1oa toot I' are. _ d.r wW••
n. ..""r ..t ....att """",u.Md t>,. plro ..~ lIMo """eta... in
.., a1.r-tl&bt d_ber _ "ab"'..tq it to " "&ellla tor" ""dod or XI
,,111\1""", II1tl>out 1"..~ U. ,,"',,_...lAr .." ""...itU<l to .,ter
tbo ~r IlR:I co r tbo .~". .tn.er ... "lapatod tboa ot )0 a1nutu,
the ............ _11-.1 "llatn to tM .._r __tnl&1lled tor ... &<1-
dlttont.l IaH~oW'. The "'Pl'l1e&lion ot the ",",CInA ... dheontin__
ttw """ct.n ""l'Il1ttod to ......1n 1n tM ..tar vlthtn th • ...c"ntod "t-
_p...... o,,",might or tor .. p"riO<! ot ..ppro>:la&lAl1 16 how-••
U""" ....,nng th. sp<'Ict-.n tro.. the ch...ber. it .........w-od ror
....1..... eoIIflutal1onl ",,6 ....ighod in • surt•••-dry .ondiUon to est"b-
lull th.....unt ot " ..ter that h.od b..n ..baor1>od.
T.stin« ....cOOlllPlish-.l us1nt .. -Q- tnt at conrlnln« p",so""".
ot 15 """ 60 pal. The cell ..... ,.",HtilMl tor th... tnls to tnsu", no
dra1n"f!a b1 introcl",,1nI; aollcl 1ll...tn.1.... loading cap" at tM top _
bot_ "r tho apKt.n. 1M ""lid loadinl\ cap" "pIaeod .....s l<lltcll
e<IOlla1nIMl poono. to t"dUlate dn1n"P """ ...... pl')rldtod vlth dre1n_
.. ovU.ts. Tba ..lid l~ _ ..... .- 0I'l1J' tor the ..lAr Mt_
_ ..s _U. In all "UIar ".pacU tloa teattne _od,.,.. ... s1odl&r
"" ~t pnrt_l1 d..cr1_ tor tbo "Q- tat.
"
D1aau_bly of Tut~t...
At I.bo c_loIU"" of til_ wet. ebo -"""7 ...........1Jo and TOl_
.Utr1n& tllba '!'al .......... clo"", .." I.bo bJ>ou. nb. OJ*IO'C!. PN..•
.._ 1 ~ tb. .aWl' ............1 .. 1.&nIt. I.bo cdl u.......supe
ftb opentoeI I.bo ooU liquid d.n.1:w<I 1IIto tho ...tel' ~.......1.r
t..oaI<. Th.. ".,ro.-c1o>I> d1&1 ... ..,_ d .... or u.. l~ c.....sbar
an:! ill 1_ 1ne..-u ..-,_ r u.. ~.... Tbo eell _t W.t
..al ~ boro.. CM ceU ea.pleWlJ dr&1ned to pre t &ir
rr- ~ri", tho plutie tub1n4 .,..s"-. TM yol__ulLr'1nc u_lJ
... dixc'n"ut.«I t....a eM lr1&x11l1 ..-11 a.nd toM ...tel' 1nL"! :in eM
ceU ..._red l.Jl .. sJ.... ",.linder tor ...turn to the Ur "'_~l'
Unk. TM ...11 ... .....,wtod r ..... tile e<rntl"OU..._t_pe t ...... ..- tor
di...._lJ.
Upon ....,,,&1 ot tile brae" eyllnder rr- &J"oWld tbol "p-c1Jlon. t~..
• pe<>1olen .... in.peet..:! e.... ruu.,. tor _ran.. leu. lIlAc ...,. h.t..e <>(l-
eur..." and w:>u,ld 1.n"ll1i<1ato """ult... The _b..... e Itripped fl'Oll
tho .pee1olen &tid the caU cloaned tho"'u&l'lJ' in ,,,,,,,,, tl<>n tor CM
....rt wet.
hal..... t1on of Tut """'eel....
tb.... probl•• \fe.. pu'aDOunC 1n tho W1.U1&l tutin& pr<><:.,.j ....
""Uu.-I .bo.... n.. tint euoe1Ued ricll Lb .. _ ...... 0<: -
t-l f&11__ oc"'u· d &."11:1 we ~t b7 l~ or l1qu14 r I.bo
.... ,-" dra1ftace Yal tor tun -.... I.IlU 'tal..... opon, b7 ~-
t1....s _wol eo' nh ~_ of W _........,. !em of W ....1_
=. u1A& 1.oIlMt. or l>7 u..p.ct1oa of u.. _br and .pot_1I at the























































































































































































































































































































































































































































ThU ..ction """'. \0 ._rise U.. obM,,"'" I.e.~ dlow.. \0 __
..,~ u.. e<lOIpIIt&~lo:u _, ..-.I ~ pZ"O'l'1d•• ua,,-t or UIa .....ulU
or ~bo ....1.10 and. ~at1..... TlIa ••c~1on 1.0 dirlJiad 1:11.0 I_U.....
~ oa u.. MJo.. &AU or u.o .t<>:l,.
(IbM,....., Da.t.a
'nIa c~tad .pac1-.. _re _isbtd 1.0 " ......L _-balr « and
u.. d1aaal.e .. and bo.1#l~ d.UO~ad .. an ."ro«. or U lau~ Ul c
...........l.o. ill lin __LI -.I. to tho .......n __
hlJrldredUl or • c."tt.uo Th... _I .,U ........1dad Lbo W~w
"'"1&h~ and -01_ ..al.... of tho "PI'C~ upon MIlich .U co.pu~.oti""•
...... ba.ad.
n.. "'1cht. of .greg.UO .nd ....hUt recol'dad for ...h Ilild.ng op-
....U"" pa.-ltUld tlla COllPlltltio" of thoo ,.. "pilaU co"tent bJ'
... ll1>t or a1:I:t..... for Nch opadaln. 1\>1 _ d ... .1#It• ..,1.... and
...r~ .oapbo.U cont.,t or • lpoct.n, tosather with u.. .....ajl. btlk
....c1t1c V.rit, of ~"" a«UCPUO biard. u.. _cinc vori~, or t.lIa
upbalt. and u.. parc..~ abao>-p~1tm or upbl.lt bJ' t.lIa &f'.o;...,.te ucI. it
po..ibl. to c.-,put. tbI ..,1.... of aurapta...phaU. and &11' 111 u..
....c~.
DarlJo, u.. _ .. of porroN:1tlg ..cb ~r1&.I:I.&l wu, ..-d1Jl&.......
.... or u.. __tor ....,. to tho cloMp 111 IoI~t or u..















































































































































































































































































































































































































































































































































































































































































































































































0) Tboo _..rage Croel-"CtiGn&1 ueo. of the spec~
... """",ut.ed.1 tho quot1...~ of tho lIpec~n'•
....,1 dl'l'i<led b1 It, bol,prt.
A><1&l 'lrains dl«ra1ned t:,- dhid1n& tho c~ in ""1P>t of
tho lpeCt.ft t:,- ita initial hotlpt. In _ ea.HI theN ...,r<II sliD't
.......... _ntl of tlw __!Ar durin,p; t.bo po<rlocl of aA"l1eatiDn
of tM c:cnllnln& p.....wrot only. Straitl cOIIIpUhl1ona 1.0>0"'" u..se
__U and ..... _ on • ze.... dial read1JV ob\.oom.d at t.bc st.&Tt
of U. wn.
TJpluJ. liNn_linin CuneI &l"OI U1...t ...t"<l in PituJ't' 12 tor .....
or the .....,1"'" tUt ....1... fJ.euN 1) _ dIlU 4tl1 tor IlI'Ie of
1M t ...... d_ ..ata or l .....~ te.ts. all tnt. <llt.eel in e......... or
'" .t..u.,. '''''pIt. In particular, tile Cu........ roU_ ••t .... l""t title
r.... un> dnlator .tr"'l t.o .. point d"~"'lAd .. lb. f'roportioll&l
Lla1t (P,L.). Be","" thoo P.L. the .i u_.train cur ... d"..... t.<td r""",
the Itra1sht lina at ...ate that in ed with axial Itra!n. In sr-
prodaolAl.:J one_IIooH of the tests, • peak .t..... ¥KIue ..... obht:>e<l
which .... follo...cl b)' • d.e......... in .t...... ><!th t'\Irl.he .. Itraln. In
WaU ,,""!nll thb c ....r.eUrhll". pronounced ahu.. pbnu ..., .... oMer-_
in U. _c1Mn. In the re.tai,lIler or u .. ~sU 0 wl,W o' tho spec!_
." ..... not.., _ 0 tJ'P1.u.l p!asUc toU"... st...u·strdn c~ resu1t_
«I. 'icu'" 11.~ 0 tJ'Pical spec1:>en ~to.... wsUnr a:>'! ....p ....senUth..
t.U....... ~ tail ..... rlaDu .-. in this n,..,... ""_ --. """",.1-'
in order t.o '- ..lsiblll in tho> """,-r'",.
All uou ....... torfled .t ~x.1.""~11n_ pm-.....t .t""1~. U
















































AXIAl STR4JH • %
FIGURE 13. STRESS ANDVOLUliE CHANGE VS























.t...._.t.r.1n do~ tor bul.1n& t,Ullr.. ... ... n.t. .. t.o c<m-
a1.1tot.. tall tor pr.eUeo.l purpoa•••
Tabloo 7 (.tppandl,x 4) p....nU ••.-,.,. ot the dn.obt.dntd t",.
all u.t•• It 1ne11Ml urncllnt .t. and .t.rain ...1... that. .........._
.bll t.c.~. ot t.ho .t. _.t ...1n ell tor &nJ' wn ..., bot al«ot.e1*l.
y'od!!l ... ot lldo....Uoft
'ft>a _Ill... ot Deto U .... (Cd) La d.tu-.d tor the porpo... at tM•
• t.UI:I7 .. tha d.rlal.or .1. It tlla I'I'cIp<IrU....1 L1a1t dh1dtd by tha
mill al.rain It u.at point. Tho .train ..ad tor 1.1>1. COIIPutlU"" wI
oo.....et.ed tor lha 1nt1""",t at u.a .traJtht :ur. portion ot t.ba n .....•
1!.l'a1n e ...... wiUl the .t. ...1n 1.Jd•• Tha t.. .... l4odo.l.. at llato....Uon.
la uUliud In aeoord&nc:l wi", _ prlCUcI In u.. dIals! at nu:1bl.
pa_ntl (6t).
P'1cura lS pr h • plot. ot u.o OCIIIIp\&td Cd n.l_1 tor the oartoua
eont1nina p tor ecooblnaUo... at 4 and S poreont uphIllt com..l.
and no _ 400 pal. "-,"etl.oa tool. p Tabla II (Appooi:Il,x 4)
pN..nU tlla data t .... Cidl FiprI lS d...-loped and T.ble 9 (lop-
~ 4) ....1.0.10• • '-'" ot t.Ila poKIn-.t. lnto....U"" [or un.. It
alba.. .-b:1nat1.oNl at lapbo.lt eoat...t and .....,..,Uon p.......... and to..
lba .poel.al w.h tlllt. ...... porto.-.
,t....!'ltY' and 'l.O.bll1t.r lIoIt...lnaU"".
AI .tat4d In the 1boa1,... ot Uta....tlLl"l. lha _tion ot ho.. t.o u-
tabll.llt nl"lnCUl ud/or .talaiUt7 co,.tl.t.,u•• aaJor probl_ in tba
....u.ec ot upbaltl.c ASJItu...... For J'O""PO'" ot Ul1a .lIId,., dn1ato..





























(b) at an U;1a.1 Itrain of t,,,,, ~rc""t. (oj at failure Or tho b<oat u~
t~\.<I or eM taU""" ......80 ..,..... thh "..,diU"" b not clearly ut.ab_
llihld br tho IIt..n-atraJ.n cur"". and (d) It the point "".ere the
...1.- .lIange or tbe .aaple undo,. load ... «ro.
TIle ....ult. of the .t....rl4t.h and ltabllHl' duerm1l1&t1o,," .... p .
••nlod in Figure. 16. 17, 18, 19. 20, and 21 a. plota of ""rtlc&1 .t .
ag.We .latero.l at ..... for conHUon. ot tauure, two "",..,ont .t....1:I. NId
at the point of "1'0 ",1_ "tiling. tor s&q>les " ....pared It c0lllb11lIU"'"
or 4 and 5 ""rcent asph.o.lt .<>nUlnt &rid 150 and 400 "01 .,,""paction
prtluure. Dn'1at,or 10reO& dIU tor the ...... corditionl tor all othor
tnta ..... t&bullted in Tabl. 7 (AppendU: A). A t;n>lc&l !loll.. '. circle
plet tor one test ••1"181 1.s eIlc..., 1n Figure 22 tor the tail""" condition
and in l'igure 23 tor It....... at two perClnt anal otrain.
'18...... 24 and 25 ind.iClt. tho ....ration in den.toor .t It
failure ..itoh uph&lt content tor the ".1'10"" ,,_cUcn p ure•. Abo
.h<>wn in Ulu. tigurtl ....... plots ot tho .....-aUnn in bulk ~eneltl' ""d
aggregete de""1tr with e'plIalt content for tile diff.rent coapecUon
pre......... 0.11 Crca all I'QIIt1ne tests are .ho.., in tlle.e Cl.t;un••
'or cCl!tl1J'lltim. of ~.t1on preuure and ••pIIIll content It .mlch
....... than """ te.t ..... perCo....". the .""rege luee of ....pre..l""
.t....sth. bIalk demitr. and "Uregote den.itr hown in '1gur<l. 2~
_ 25.
'1gur<l 26 p nil • snphioel .UIII:l&I')' of the valuu of the ob-
...-....1 ........ t £th per'..ur•• "c" end "j1" ••t fl.1lure for tho YllrtoUl
''''It contMI1l and .o"".ction pre..ure.. heraga vel... of tho pe....
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FIGURE 16. VERTICAL STRESS VS LATERAL STRESS















FIGURE 17. VERTICAL STRESS VS LATERAL STRESS
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FIGURE 18. VERTICAL STRESS VS LATERAL STRESS
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..-E2L VERTICAL STRESS VS LATERAL STRESS
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.~Il a ..,.".r 1.0 r.u....... In all _. tho....... WI "PP....c:1.bl. in-
c ....u. in 1_ .t the r.u...... condition. The.lope ot til. Ura1.f:1>t.
line portI or t"," ....1...~ pltlt "&ried witll oont1:>1llf: pr..........
_ wiUl .., pte dw>a1tr. In ,pnsral. the I\1,pr the ~pt.~_
.1tr the t ter the &"'cII ....t UMl the 1I~.. r UIe upIIe.lt ClInWnt t","
1....1' the "Gl_-dwl~ I:ndient. An lnc_ 111 connnL>, p......."..
tor w.w ....pact-... b"l'rl"l: .iai.l&r 1I>1t1&1 """"1ti,.,. ca..-d. • <:\tI-
c...... 111 u.. tradient.
!'ba _1_~ <><:CUl'l'inlI: U • dec...... 111 the _1... ot U.e
speclKn ...... I:....W.t ror tbo M,her lateral. p............ n.-.,;ni-
t ...... ot tbo" c"""'ro. 111 Wll c -U - !W"In1lJ' 101.. \.han
....-hal! ot .... p&""."t or t"," te c. YOl.... TIl. t lA.t dec,,",ase.
in vol_ occur...... ror apecl.Mns 1Ia'rln.!: tlla lo...n .Rl ptA d.n.itl
"al ....
1'llu. 7 (ArpendlJr. A) .110... the ....!:Ilitucl.. ot tile oburYed ""1....
chane" .t the Proporti"""l LWt, at t..., perc.nt .train, aid at u..
dna......ph ",h_. !l>e Y<>l __ cllant" ported as cubic cenU_
..t.rs or chang. r""" the initial bulk vol has the ""1"",,, .ss".,,&<! 1.0
boo ..... rse. ""lda. 1'11. perc.ntaco ot the r• ...."c. ",,1_ ...prese"ted br
this chance 11 --.. in the adjo.ccnt pa 1JI..1••
Typlcd ",,1... c-".U......... pn Wd 111 I.ppendl-K B.
Vold llaUo .."til I'e""ent Void.
111 uph&lt aat_ w..tnol00, the po!r....t _I~ e~) 1. deru-!
.. t __ t or &ir ",,1_ .Jlf:...._ .. & percents,. ot U. toW ""1_
_ or I.be &pH.... In &Oil ...,b&n1ca w en &:rpNuI... tor .... id
_ill e.l ta c_'Ilr ..- to doItine the Uo ot Y<>l_ not occupied
"
b7 ,,""P~ ..,11<1. 1.<1 U.. ..,lla1 or ~hoo ,,""ph ...11<1.. Both tenld
haft t... __ 1.11 t,.h .tud,.. u .. ro..-r t."""M 1l prorides an us,.
..r ror U.... raaUiar vit..b aSFbaU U..-1nolOU ..... t./MI Latter
boca t./MI ,,""pU .0W.....1... proyid.........1wI«11\E ""r ""
"prdl". or .Uoar t..b. ap"~iMn .;q>and.. Or eont!'UU. A U-.e _
_ Uul NlaU..,.Mp bet_ t.beso ~.... te .... 10 d....loped 111 "_""ill:
••
'oid ..tio ..~ por"""t _111 ...... c:akula~ oUUttn.l\ t./MI .....
po~ wl_ or t./MI air and toW .paet- wl_ baH<! on obe<o.-..c!
wi... c!>an&-. ond on tbe known t1ad wi... or Ht_ and au~gaw
...lid. in U. opocl.Mn u """""ted rl"O& t./MI WHal _ato_to or
uch a~s.-n. AU"pU .",I"".e ....... c_,,~ "'inI; the a ....r~
bulk epeeHtc vult,. or the ar.groph bl.nd and \.h. uphaU ..,1....
..... d.toara.1IMd ~ ~ha ....1ght. or ..phoU in ~ha .peel.Mn 1.,.. tho
.... i4"t .b...rbo<! bJ' tho agg gate. sample eonputaUon. or Y01<l ratio
and perc.nt ....ld. a.. allo in Appendix B ,""n. a ._ry of thoso values
at tho inltial eondition. U.. Pr<>por~io""l Lbil, and t"" pare..t atra1ll
.... pr....Ud 1.11 Tabla 7 (.I.ppendlI .I.).
n.. cbltn«& in ...,id retia an:! in parc..t ld. dur!.n8 a test follows
LlIo _ sonenJ. patU...... that of U.. !.Otal 1_ chanl:e. lnltl.a.ll".
u... 1& a dec...... 1:> tbu. Yal and tl>al inc...... 1.<1 rail.......
!lou, h..- .bow a "''7 p-8duI.l dI p 1. ...1.. "'r LlIo 1:>~l.a.w
appl1caU"". or load. Cl>Mre al.U~ .nder u'e tnll1&1.lJ' applied
~ .... a. u.. _c~n app cM. rau...... n,..... 27 ._ ttl• ...,w
",tio _ ,. 1. ida pl.ot.t.ood ap.l.Mt l.<I~al appUOId a;da.l .~.... ror
• 'Jp1M1 t ..n .
••
".




















VERTICAL STRESS PS I
F_E 27. PERCENT VOIDS AND VOID RATIO VS STRESS
""
~. 28. 29, )0, -.>II )1 .110" tM ...atlD".ll.1p bet......, dn1.t.l.or
.~.. -..do _I.d nUo IIlI>cl ""runt _I.d. U u.. Pn>portlonal LWt ..,.,
U 1. ~rc..t .~ra1n tor ill ......t1M ~..u ""rto.-.l. on .""o~
pNpll d U 4 ..,., 5 ""n:...t ..,halt eon1..nt _ 1loQ _ 400 Jll'1 ......
paction p.......... S1odlu.,.W, ..... w,bW&ted lJ> bbl. 7 (.t.ppencIl.x J.)
tor th... &I>CI ill ot.ber IAU...
,~. )2 _ )) ahov 11n d.U. in • dl.,lrt17 41tr• ....,t to.....
'!he.. fiI;....... p ot • plot, tor aU ...Un. te.t .....,,It•• ot the de-
net.or ."""u u.e perc..t 9Oid••1. 1.... ""rc..t .treJ..n. n.
cur¥e. tllet eJlPrada&U17 ...rtl.ceJ. ...._.ent U>e d.net.or .1.......
Yul.!.!."" with ""rc..t ?Olu .1. 1.... percent etre.1a tor • p~ ..-1'11>-
11>& p .......... _ -.cUon _......... 1be percent 90140 ute. eh:>.. 11>
'J.&ur'u 2'1 """ 31 tor tJM 1.... ""rc...t .train oa>411.loa lie.. -.. plott«!
eJ.eo lJ> u... t~.
o.t..... tlO1) bUo
n. o.to..-Uon bt10 1.0. • dodl.-.l 1. .. U1at 1.0. .pp11ed t.o u.e
nt10 ot l.ateral .traiA to u:1al .train tor ••ter1el 1.11&1. 1.& ....1. .-
,)001. to the .triot _llceUoa ot Pol.e_'. bUo. I'l:>ie_'. "'1.10 ie
deotlJ>ed .. tile r.Uo or aUral etra1n 1.0 &Il1a.l etn.1n v1U>1:1 u.o .l.a.a-
tic l1a1t ot tbe .UI"1al c"""'.mod upllalUc a1xt ..,1.
IJtr'1ct17 .1.&.Uc t"""""&bO"t IUVI r ot <Ioto....u .... end it 1.& ""-
rinblo to~ u.o ....Uo ot etra1n.~ the entu. J"&Il&'O t...
...... 1.0 tile taU...... """"'iU... , the to.. o.t_tloa Ilatlo 10 lntrodocM.
It ohovJ.d be ""I.M. u..,t tllU te 10 _~.. "" ""10_'. bUo _ 10
oIon.d _nt.l7 "" ut.end tho r ot 1. ... coac.pt •__ b7 ""ie_'o
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F1GURE 34. DEFORiiIIlTlON RATIO VS ANGLE OF
SHEARING RESISTANCE
'"
RkracUod I'l'Oa tbe _jor principal n~u ..<:tlnl ..t M<:h point and .. in
", ......ted 11&1:1& u.. fri<:t1-t rut..tanc .. Ya!".. on1J'. An m ..t,....-
Uon of tbb~..U"" is ,,"-.entad 1:1 .&ppooro:lL- !.
Appendix! ..1100 p..u ...u .. tJPt<:al Nt or coatpUt.aUona l_~ to
u.a data """lIl1Nd to.... plot or D.. _rsll& 11>:0 it fo.... &1 talt.
'""" ~U<:V.l..r _t..Uon ~Ud h """.., l"'ph.1c~ the
tl J .)o"'1 ctrW in r~)I..
DlSCUSSICJI 01' RESllLT.S
tIM due_d.... Dr the ....11l\.S ob\.r.1r>ecI lJl Utb .Lud,. b nb-cU_
lota d&ht ...,u...... ri" Dr u.u.e .... dbe_d_ Dr u lllh Db-
1.a1ned widell ... d1ree~ bear1n& .... u.. pu'JIDM. Dr u. lJl u..u"".
>Ibll. the ..-lJlil!c UtNoo ...r.~ ~ ~M ....I01U thltt cM..IOJ*'! .. an
1ncldmt&l~ or tM 1zIY..uc..u .... bu~ wtI1d' .... 01 lJlu....t in u.
nl>li7 or bltua1no<p -.1J<l........
'!"ooo aoJor pi..... or lKl'ds-t..t. p-cu1br to U1h nud7. erH db-
cu..i..... n.. c.... tl"Olled teIIIjl4ratur<> ..- ..... p.....cbu«l in ordu to
pl"Orld•• con.t.M.t l.aq><Iuture ..taoophe.. in wh10h to p-r/e.. ill
h.ts. '!h••e1.... _ int deviee ..... eon.tl'Uehd to pl"O'f!de • _ ...
fer ••hbU.hine UI. ~1 change. Dr ••pee~n .ubJected to tr1&X1al
e"""'....lon 1t .""h e"",,ge. oeeulTeCl.
tho contl"Oll«l_t.a.pa..t ............ p-rfontO<! WIll d....1"41 the entu.
period of usag....... ea\.Sblbhecl ~rat..... of 2~'C (71") ..... aoin.
la1nacI at tM -.0111& al_t w:it.hin U. ..- ....s 111 tba ..w~ used lor
• coil llqla1d. _ 'O'U1at1bD lJl ~ralw'<l .........t.IIIl w:it.h1.lt tba ......
'""'. 1n &1. ~bU ....bt1bD ... 1... Ulan ~ O.~'C r..... u. ....race
Ur t.w-a ..~ the point 01 _.... t. n.o .......1""" ""' rd•
...... "'11" 2~'C tne. w:iUl • nrlAu.... of tba order 01 ~ o.~"(". n.
~',.. rat_ ........t ... eritical • ~ or UIb .t.-17 ..... t.bII
ill
_Yne,. of the t.-poout..... d....int; ,.... tint; .. ",. ""Hono1t,. of ~n._
t.... ... -.I~t. for t..t JI\II'POlI'"
S- diMd...anwe-...... 1.AIw...t 111 tt. e....t ...UIO<I.~ ...tuN ........
n.. ....... aa -.u"""l.IOd.. pnrrld.. for a I"Kircll1.t1<>n of air vit.hin tha
..... h a ......U. tt. ...... air t.tcc.e••t.al. and odo...... arwr a 1011&
~riod of 0.... ",. ah. or u.. ..- laIn tt. _r of 1"'''- tt>at
........."" >I1thin It ..tMtI tile trilUi.al~t 1.& in pla....
Tba ...1_ ...ur1ztI!: dn'iee ~rfo"- "'11 t.bJotnollboot Ule perIod
ot u.tint;.. ln1t1a.U7 u............ dlIt1euU7 In ..-orin! aU .n-
trapped air t ..... Ule .,.at_. but tlda o..r~ b,. pootlftlt b1eed1n1;
and tl111nC or aU lin.. and contain TIl..... of an IOPOQ ,"uin
aaaJ. aU p1.aaUe tubint; jo1."lts ~1et'17 "t.eth, In a1121nat_
1no!; 1.tJ<~ f ..... tt... jo1."lta Ind tile ransa ot eontln1no!; pr...urea
<lnel0P"<I <I.... 1no!; tile t..t1no!;.
7oW' calibraUon t..u ....re pertormed .t .....10 U... <1 ....111& tt.
period of t ..t1n!. TIle CalibrUion tut re.u1ta p,,*untacl graphle_
aU7 in r1&..... )5 (Append1J< DJ. can. ... reqllirad in perfo""int; thll
ealibrat.ion tut.. OCeaaiona.ll7 repeat.d 'pplication. of a oon!1.n1n«
""' on a 1:10.. ealibratlon U.t Nt-up 71a1<11O<1. d1ft....t n.l....
nut _ \0 be dua to air in tba .,..t_•• poor iniUal re&<lln«.
or _r <>pIutor .r",r.. lr· aud> e Ule eallbnt10ll .............._
,..t.to:I ..tU -.elUant ...aaiU obta1nad.
101 ._.,.. it ..,. be .tat.ad tllat tha ",,1_ -....r1A& dn1,.,. p&>"_
a.- ..u tor "'" ........-t of 41Uarenee. 111 ...1__r "",e_
n-~ baL .... <l1ff1el.l\7 ... up.ri._ in Ntabll.1I1nc u. 1A1t1&1

















































































































































































































































































































































































































































































































_ tor U 10... eoE>WUOM of uph..h ean~L """ ....,...,U....
............ d u.e the l.nw~ pn10d or tutin«. n. lJl.....c~
.bIo'rin& U. belt wdro..1ty or Cl...Uy ,.. ...lfctl<l ro~ wnlnc oh1l..
I.bt folll"t!l __ Ileld in re ..- for I ·wn that ~t be """151_
taWd 117 _ ...... faU ~t loto&ac-. It.c:.
n. firlt routu.. wat HI"1U ....... ~~ro..-d ..UIl .poe~ 1''''_
~red n 4 In:! 5 ~",..L .""ho.lt eoat.nt ldu.e oo..-et~ 1' ......
of l~ """ 400 pli. Tutt ... ,.. p'~fo'- .....1a1l&r Ip'Ct. ~
til... CUfl'f.....t COftdlt~1 of dr~. Qu.iet o~ ~~ wn ,.. P'~-
fo.-d in ..tdch u.o 'p'cL.n drl.1n.al" "u'" .... cl_ dW'1tl& the ap-
pll.ation of aU load in"..-u. ConIOHd.tfd~.l<o~ "Qc" Wata
"",.. &c,,~lbMd in wh1eh tile dr..WI" -....1........ 0p'n dur!J>f; a on'-
hour p'~lod Of .onUlI!nt p "ppli.aUon and thfn cloa.cl for tile
..ppHuU.., Of .11 I.Jd.aJ. load 1lI nta. n.. COMol1datfd-P&.rti.lly
Drdnod or "CPO< w..tt we... ..-plated 1:1 .. f ...1dolI .l.al1.... to the "Q,,"
ten. "",capt tllat the dr~ -....1......... kept optn dul"1nl!: tl-. "WH••-
tiM or ill load••
1Q no ......... Ula.. ourn.l.nL dirr....."" bIot-. u.. .....lh of
"(l". "Qc~. and "CPO too.h for .pec~. prepared ..L the _ upllalt
CllIOtant """ ~t1on pre.._ to boo notieft.blf (_ t1.ou'&. 16-21 and
'hbl. 1 • .I.pp&ncILs A). Tar1aU"". in d.Y1.tor .t.... or _l'Clz;1,zoo.ul:r
10~t ..... _.ned but t.ha.. did not foll_ • p'et that collld
to. _U-hoet.oorUy corNlI.Wd ..UIl d.-.u.", c d1t1.ool. It ..-.
",,"rw.. u..t U-. d1t~.-- ...,.. r....s.. uU..... _ to ........
~tJr 18 u. teet .,..d..... or to oUoar _trollM wrt -rn>"'.
1M .rhoet or 4,.d....p ... tota>4 to ~ .QI>allJ' w,mUcubl. ro,.
_ ...rr......4 on UInt. ~e1Mne Wl1>I1 a d"" ...t. or looding (_
UOoU 6)-4', Table 7. ~u A).
'lba ",-...IU or U. rl... t Ul1l't,,-<>1n. lAoet. 1ndlcat.cl luna Or no
,nn....... in tlla Ur&tlII:Ul or .t.abilit7 of .1aUar .p"e~1I& k.t«!
_cr d1.rr......t t;CQditkl or drdAa,p. T1>a ..-w.r or the tuU
_ ... perfo.-cl. tM..r _ing u. ">.;." lAo.t~ 0CIl7.
Md_ 1.& pl.,tll'W. to l:>:llcu. !.bat ""pth. PO" p....ures 6<>
de1'&lop W'1t..1l1n t~ ~t.-n. =:"1n& 1.<l.t~. An 1on of tM _c1_
-.. <nIar c_1U""" of no <lraina,;e ~ll.•• an inc in tM 001..-
or dr witlWl u.. _la _. the ... fo na~t1.. POI'. pnu...... It
_. not.cl &1 .... that tr tha 4n.1na«. n.l _s opanad .t tba e"",plaUon
of. "<I" or "(lC" teat the .... -.. an obYtous sound of 1IIOrl.nt; .11'. tt.at
t.lll. all' _. ""'In« into th" IIPac1.ol... _s .rt4ence<! bJ a auction 404
.elopad on tM oparator'. han4 it hold 0••1' the dra1na&" outlet.
It ..""t be concludod. in lIght of n1denca or n.gaU PO'" pres_
s..... and unifo".U7 of obHneol st ngth ....'.a....~ardl of drainage
e_1Uon•• that. thoU&h pore pro a appal"Cl\1l7 d lop. thoU" orrect
.... so _11 c d to u.. strength of t,,", mixtu that tlla7 did not
infl...... tlla tot.t ullO. T1Il.a conclusion appa to b<I the 0CIl"
...t1cDa.l """ po..lb1. for I_In« t1ao.. or lIP to _ hoW' bat_ load
1at..-u.
Ia .-,.,. apact.arl tnt«!....I....u... or ta.t proced.... er 1nl.t1al
.&.uu-.. a e~ in ~_ of tIM .pac~ ... no"",,,. All tot.ts
































































































































































































































































































































































































































































































































































































































































a _a .,......\ \bn c11l&t..-oey OCc..... "'Hb td\~ a1.I<\.....
"j~ 1.0 \r1.u:1&l ......r. ThS. con boo .""l&tn.cI 111 a ..."..r a1a1lu
lei \ha\ u\Uln<l tor .xpla1zl1n, Uu, 1_ pili 111 c1lnal-lronulAr
loUa. "a 11IIu-in« boo,u.. "" OC ...... , vaW tor«<! "".on ap&,-t.
111 ordoor \ .. I"1doo "","r ..........U.r. 'fttLo upMa101l cQll\1II..a ..\U aU
po.rt.1dJoa till 1lhear1n,& pl_ ..... r.... "" _. ,\.\ UUI' po1n\ U.
...... n ~UI hu _ ...... Ilo<l. Th. dUat.&no, or ...1_ 11K.......
with u:1al Itrein occ,," at a unit W duriAI: Ihllr11ll ."d it.
.01... 1.& I l'tInotion ot ~h& inlti.l <I n' .. r the ag....pw ..u.
" at.Qd;T .. t th& ...1_ .t\o.ns. u-d1.oU c1...dopad be\..., po1nU
........spon4in« t.o Il&ro porc.,\ ...1... cl>an&e _ h'o pI"""'\ &%ill
nrili e... Tabl. 7, "pplndl.:J: ") I~ tho toll<»<l.ns .rr.cu ror tho
b1t\Mincua a1xt"""a atldied: n.. "snlt,.J. ot <lU.t.on., inc....H<l
witll 1nc; u1ng .ospaction p Mllar<ll..a ot ..pllalt cooWnt. ,I.t
• c....n t c_ct1oA p 1t obaa..- thot U. r.ta ot ....1_
1.0<:.._ with .udal .tr&.1n lI"I.tAlst tor tha l<noer upbalt """,ta"u.
n.a to..-r ,,"\Ilt 1a u • .:pec:tAId bued ........1."". w1U1 dllD"-Vad.cl
cr-'tIlar .. ll..o. Th. }atWr ob........Uon 1& not ."l'l.wd so ....dU'.
a &JIPMJ'a pl'Obabl. that thlll.l&"1tlld. of dUat."., b lass tor thll
Il1Pr .apllalt contAlnta baeanMo of tho p........,. or tll1 ....r ru.. ..t
u. ri.ac.... bind... bat_ pa.rtlcl... nw. -.l<l po..-it t.ba aptoC~
1.0~ ,...tar .udal atO'laa vitb 1 .o_t ..t th. a&lNpW
pv1.klN tI\o.n it the ..phalt tu. of 1... Ul1c1cM.... 1& the
_ r.." tha 1....." ..phaH conWntl. Thl .apllalt -U po..-it pluUc
*,-tt.l ..r u. a1xt..... _ -U ......... U. _. It ........., tor
pc; 'eI_ .. _ ........... __ to.
111
R.hUont!llea &'1._ 'old Con"nt &nI! St"'lrth
c-.>al.flU ot tho ...111 raUo MOl po...,..t id. et 1..... po...,."t
etn.1.Il NId tho epoDlI1:I« d~to~ et..u thot U>on ~ •
"filll" ... leUon J." boI1._ ...1<1. NId .1.""lth to~ 1.M _ ......
NId c_lt1tNl. et".UJMl. 1'lavt'U at. 29. )0, .-.d )1 ill.. t .." Ul.1•
...Lot,J.....1l1p l'll~ botll ... ld ratio _ po...,...t ...id. t<l~ t,nte ",,~tD"'"
.1. all ......uti or d~eiMr on _c~. pnpend et end ~ po...,ent
UI'helt .....t t _ UO _ 400 ",,1 c_cUon p .
V1Ul Uait.-d .s.n1et1Dn. thot ...lation.hip <It ld ..tio WId per-
cent ""!.de, botJ'l .1. tooo pe~c ...t etra1n allOl tM I"nlport1Dcl&l L1a1t. U
u-.~ vtth tho IOC&r1tha <It tJ'I. d...uto~ .t~..... Thi. llne&J' ..1.U....•
.hip 1>o1,h to~ ill tute on .peel...... prep&nd b7 tho _ ~actlo..
p......... lind at tM ..... a"Pbalt <ant.ent rtIg&T<ll&u ot cont1n1ng p...-
...... o~ drtlinq:. conditlon. during tM !.fin. TlI& t .... """"ant .train
c........ 1ncIlcah tllat the 11n..~ ...lationahlp appoartl to ba '1'&11<1 t<l~
...... ""'.. ttle ..&1lMOa or 1I"""..nt ..,ld• ..,d ..,id ~ati<l a.. both a~g...
&lid ....n t""'" Ul. 1nlt1ll1 ..alu.. <lr the ..,ld ...Uo lind po"".... t ..,1.<1••
1n<Il..U tbet the elope <It tbo .t...~t line 1& 1 ,.~ t<l~ epecl_
.... ot tbe lcno&~ uphalt cont..t .1. IlrIJ' &1"" _cU p..u .... tJ'Io.<J
t<l.. ~c~. or tlw b1O>." "epbal1. .....1....1. Ilnd tlw d.ltr ne. boot_
&1ope& t<l.. tooo ..pb&lt .....~t& be_a :Lau at tM l .....~ c<IOIpeCU...
,.. ...
18 .....,... to .....U)" u.o I&d p In <It u.o ... l.fIblt-_ ...bU_Il1p,
'- -.I" p"'p&1"&d ,,1. poreert. upM.lt _teat _ loOO ",,1 c_
, '. III awl ..." t_ted prior to ".t1t\l. ",. atreeU'.-
...... -.1&" hlp" <It _c~. h.hr:1cat&d .1. ... ,.........1. Npi>elt .....teat
ll.
MIll &.00 pai ~Utltl P" are 'lIJ>M"_ b7 tbox ot 'tcv-. )0
.. )1. 11M _t8r ..t ....U ..- ttl ...-d•• U. _t ot air in
U. ..~S-... to • _t.H7 tl.&l.lJ' 8Q&81 to tb8t in 8p«~
pI'8pU"Id b7 u. __ ~~U<>nP"....... tNt .t 5 p'...~...t .8JlboJ.t con-
!MIt. 11nd the _1.<1 r.Uo ..tJ..... ot tboo ..t8r·..t.u.nt8d .ped,"'" ..._
..inod ...r17 ''lWll to tho•• ot .J.aUar 'p"c~ ...tthOllt lAter ..tllJ"8,-
Uoo, wldl' the p"rcent ",,111....lu..........duced •• thouDo th8 ..plla.lt
_tent bad been increaMod. llatarr1n& to 71p... Jl. it h not8d that
tll8 p&l'eetIt _111. - atNn&tb ... l.&t1on.ldp tor U>e ..l.er-..t....ted
_~. tita U. I'tiUi_1\jpo tor 5 par.....t .apha.lt c.....l.-\t ""'7
..u tor botb t .... percont .tra1n _ PtooportJ.onlO1 LWt _ •• "".....
JO ,-. tbo.t t.boo ... 1.....&Clft&bl. co h.U.. ot _id r.Uo and .t~
at t ~t .tra1n tOlf' tba ..ter t ted. .pa~..... ...tth tbat ot
.1&11 1Nt _.t.....t8d &p&Ckanl. The l&titln.tdp ot _id r.tio _
It th .t thl Proportional Limit tor u... ..ter....tur.ted 'p"o~nl
.bow& _ demUon t.- tile ut&bl1&hed c"'"".
The d.'I'1.uon ot tile ....id ...Uo .s.t8 tor tba .."'......tur.t8d _oi_
-. t .... t.b& 0 t.abl1aMc! 1n 'i,surD JO 1& proboblJ' die to tba in-
0_ 1n tJDid Uo llI1t1:l& t.- tba .lltht inc 1n Ip&o~
....1_ .......ult ot "'r ..ton.t1tln. 1h1lI inc 1n "Ol_ ...
_ida...-d 1n tba _t&t1tlll& ot the ..tcr...t.u. t«I _s.-.& talt
""'. tNt tbI _tt'ot ... to o~ tl>& WtW -.o1d ....Uo o_iU....
11.1Pt17 tl'Dll tbol. ot _ .... not ..t_t8d.
The diaeonl1 .tr'\.8It litJa. ot 'i,surD1 J2 "'d JJ .IID" the _ ... -
1,&t.t••hlp bM._ parc..,t _ide "'d d'rl.t.tor It t two par¢tlnt
................. in~ 29 and J1 -.d .ho p t .Wl.ar ....to. tor
.-tine UoIUo &l ot.blr ......1nIUot\Il of .....It eonl.oent _ ....,.cl1on
"..1....... In &ddllu.n, ,~.. )2 _ JJ ahoo< Ulat &pp&lWlU7 u-r.. 11
I lftLq_ reJ.&l1J:ln~Mp bIol_ p1~t ...idl and ~tor It .... &l hn
plr~t It..in for. Ch........ t1n1rl.f; p..ll..... and ~cUon pftl.......
..p.nU1i1 ot tbl lophalt content .t which tha lped............. prepared.
A It"'7 ot '1F1 JJ IUlUlClUo tbl polllbU1tr or I cr1tical n.l"".
lt1th rllpact to Itra"lth. ot thl plreent YOldl .t h,o parcent Itral".
In pal1.lclll.r. lI>a c........~ tor ~ pll CClalpacl1o" ..... autrl.l."tl1
• ....- to 1nd1cIU the Ukd1_ of I paak n.lue ot darlotor l!.:'all
OCCIIIT1/lf; bat n app...,..ul.7 t""r and IU. ","""ant ....1111. AI c-..
paction pra dlc,..'- lbI ......... t ...... of tM pl.ol of pa nl
...1111 "'rRcI d iotor It"l1 &l • partlculAr cont1n~ p..l d._
c .....Nd ""t11 • l.1JlIU ralal10n0b..1p 10 1nd..1cotad tor tho ISO pal con-
diUon. lInfort.....ta1r. tllara ..... in.l1ttlc1ent d.ta t.o claarlr datinl
tlla Conelpt of • criUcal parcl"t ... idl with ....p1.t to Itranlth.
The 1IIp11<:IUOIl of 'l.&W'u )2 and J) 11 t.h&t • ro.u7 ot Cu......
...,. III daYllopad tor I 11..... IU""'llw•• Ch.. I..Ipbalt, and an Iltal:>-
u_ c~ctl.on and trlo.nal talt procad..... lhIt wl..11 dll'1nl t.hI d._
rlotor It..... and par_t ...111. &l ~ plrCWIt anal Itrain. .1.1 lheJ"I
11 ••u.-t1c&l ral.ation&b1p bat_n parcant ... 1.<1.0 and ...101 raUo. I
11a1l.or oat of ear.... cotWI ba _lopad. ""1nlI 'O'01d ratio in U ... of
par-c.t ...id••
It I~ be ...tad t.hIt th••bo \Ilt. _ conel ...lo,," .... op-
pUCIbl. onlr to tho aa;"'c.ta, aa; pta I"Id.Uon, and ,*,t'lrIUOJI
....... aaphalt _Ilt "'ad in th1l .tl>ClJ' .1 wall II for t'" particular
......l1oJI UId t.a.tl..D.,r; pro-=ad...... uNdo It 11 talt. ""...... r, that
_'plltP Il1t1 tor oU>or am"'~'l.ft •• ~l.te pd.Uo"" _ .""Wt
_u probfbl••
'nl.tion ot St....,..u, 1t1t11 helt Conl.!nt
In tlMo l.J:lte...t .. t ':rpand1n& tl>f &,,>,..1 ........l.d&" .. t u.. ...Lotion-
alll.p t>oot_ ...."Wt eonteot and "_.....1... at.....,tll ....s-r <••"uuo..
..t tri&>d&l c_....1«1 w.t1.ll«. c:..ta ~ all """tl.ne ~u .... ~
_l*1 in .. ploc. hat_ u........tabl•• in '1&ur'O. :u. an<! "S. S _
~ r u.. .tl"enltll ClIrftS in tha... rtpn..... cu.......JIP.....l.:I&
u.. l.U hl.p hat_n Il&U"ple an<! bulll IknliU.. _ upllo.lt conlent.
~ '1&..... 24 it MiT ha nol*1 Ul.l.t tbo nrl.tion in Itrangth v1U,
'apII&lt COntent .t ...,. «1- conf1n1n& p.......... \I qu1te low tor u.. 1.50
&nil ..SO pal c.....ction p......ur... 1n 11,r;ht ot tho ..d.tion in bulk
deno1t, '1Id &t&"'II" denlill tor till 1_ condition•• ttwl nl'W" pro-
ddu turllMor ...rincuion ot tho lack ot cor... l.&l1on hat ... ln .""c1looln
d..,.ill &nd alN~th.
'1t:ur' 2S p.....ntl IWln d.t. tor 400 one! SOO pal c_cUon pNS-
'uN'. 'lh. "ariation in .t...ngu, lrl,th asph..ll content .t "'I p ...n con-
t1.A1n& p ia noUcubl. in this t!,sur" t .....t\.&ll, .qu.o.l. .tl"fn&lh
,,&1,. cl loptod .....er tile l.OO pol eoapa.ctlon p t ) and t
parc t ""'hl.It contents, but U,eN ..... rather lIIup decN in
~tII .t tho S p&l"eent .epl>Llt cont.nt condition. 1'lIis dec is
.. = tho. bulll d_1t, &ad ~1..tA d_lt, ._ .. con-
~ 1ooc with uphalt c...u"t. '=bs 500 ...1 """"""UClI:t ... lulU
....._ ..bout tlla ....t"'ll&t.h 1 tor tlla loll> l r CClI:tt1n1n&
.. r _I bo•••••••l...,.t.h dec if not.icuhl. t ) t .. 4. potreent
~~_~ tor 1M 60 pal. _(iniAc .............. It I,., awu-t~
\IOat. .... u.....,. d.., 1Jl .t~ .t u. S "",..,Mlt uflhalt ecntent 1•
..~ br • d 1Jl ,,"..,.U den&ltr .ftll t""'o,p;h b!.I1k "*""Ur
_U.._ to 1Jlc .
~ tile b..b or f'1&IINos 24 &nil 2S 1t 111 --...nt tllat ecep&<:t1on
pr-e...... V'"t1r .rr..,u u.~~ i ...t ....'U1 ot • s~l-
_ to'- troll. p .... atn...... It 10 appo. t .1100 t"'t • den>l1tr
crlUrion tor .utabU1tr ot • ><tn_ troll ••t .....th .tamp>1Jlt u
o<>t ...liable. Plaru. 1t eppurs tbat tbe A«&"P.U d....ltr ot
• specl.-. 1& • _ 1Ddt1<;a1lt .......... oC tile chon&e ot st~U1
1.IIIl.n 1& bull< den.ttr,
TIle .pps...nt .hNr .t.....,gtll par..te..... "0· and '11". _ ..... (.&b-
ltalosd br • IIohr'. ot,..,1& or .t~ss anal,..t. Cor the r.u,," "",nd1t1on.
&rill ror tile .t......t two perc.ll~ axl.l nr.in ror .U ~ut seri.s.
Tn>ical Kohr ciTel.. Cor ..cll or til... atre'l:tII criteria ......"""" 1.r:
Figu:ru 2:2 and 2). In ill cues til••Il..elope or at...u was ntted to
~he circlel or It..a••• a .tr.ight lin.. In &OOe c.a.. tho tSnE.ncr
or t.lle c1,..,1.. to the nttOd st....1t:ht 11.r: not perr.ct (aee rif;ure
23). TIIa nrl.at1cn rl'O/l.. otr.1.D>t lin••" lope, I>o ""r, 10
.11&ht th.t • curnd enttlcpe did not appe.r to be j tltl It 1s
c.....1Y.ble ~... t further te.ts at td&Mr """C1:I1:I, p " ......td .-
pbuU. tbI poutb111tr or • c""- enftlope or r.u .
rJ...co;re 26 _ Table 10 (.I.ppe::>dLl< .I.) p t the n.lts or • ".<>hr'.
drch~h or _ .. at.....U1 par_t at tall ccn:It_
t._ fW ill u tesU. H"r t. .....sur obMrnd tbo,t h
a C 15 5 ~ in U. nl.... or the ol:>Mr* ""11. or lnt e.l fTlct-
























































































































































































































































































































































































































































































































































































































































































































































































































































































t.t_ t~ .g.~ perUclex is redueecl. Tt.1. is .l1'....ntly Ule cue
tor u-••~. or ca.pa.ctton " ........... r ~')() to 500 ~i t"r S pu.,."t
...-llen ccnlAnt. The .....,l,t. is • ,·.,h.ctt 1n «Ib.. t ....
'er .. ,h_. ..-pacUon p...sa.".. .. in in ..ph.lt """t.nl .c~
to tn....... lullrleation and to !ac:U14U c"'Paeu Tt.1. in I.urn tn_
....... u... ,""","of. .... bet_n eo.lAd po.rtlc1 -.I 111 _ dci:\t 1!l_
......... u.. m .. or eob..lo" to .. aan.na. a.,..ncI u. critical .&1..
of uphalt _tOftt, _~l1.onal bi~ t.<l:ld. to to ... U.tchr ru- on
u.. pantel.. and to ten_ u..." ..part.. n.o ....alt is .. oHe.....,.. tn
.",4cl bet_n U-••ate<: P6rtlc1•• and in tn_ nl... or colle_t _ The
!.....&oint e¢la.t1"'Uon of the art••t of ...halt COI"lt..t on ._.1 at
.. ,;1"" .OCI"'".U''''' r.......... is cl• ..,.I:1" Ulu.u "" .t 4()') and sao po!
.""'P"cUon p.·..n in Pl.&U" ~6. The .:q>l U />,,. dou not
&1'1' .... t.o ."pl,. to W. ~l.t1cm..Ur exMblh<l by tile t"" 1_...<u_
p.ction " ...........1. H is l"o\>l:M tMf. furth··, In......... in .."holt
C<I"lUnl be)'Ond th.. q~nUtl .. us*<! in tbh .tnd)' at till Ie.. <_ctton
~ ure. "",,,ld ....ult In .. or'cUcal ..due or asphalt ""n~~n~ and • de_
c ue 111 eoll..ton fo~ aaph_a c ,ntents b<or<>nd U.. c~iUc.l .01"".
I~ 1. quit. Itk.17 Lhot .pro~ent eohe.l~n 1. not the prope~ pe.
~_t.er 1.0 u • rer upr...lll1: t.he ~loU""'llp. bet_n eehe.ion•
• ."balt cont..,t, and Ccrl"'cU"" "re rut...... t:.dl.. -7 pen"U
the ..ub11~.t or ~he ~· ....ral.. t ..,he.1oon per_t.r otld Ull.
econcert <>o..1b17 wUl rl'OY1<!' !\lrUI'r on:i~...~I·.... or U.soo ...bU_
~....
"OC:uhs or p.oro""Uon
r14ruN 15 ."... T.bl.. ,. en<! ') (Aopen<!U .) p......,t u.. r"u,lU or
: hUon of u.. .lo<!ul"" or o.ro...uon tor all t.en. perfo~.
(C",) he. bHn """" to <I.tiM tJ:oo nUo

































































































































































































































































































































































































































































































































Ulb nlllll7 ~d pl"O't1oH .... 1D.ro...t.l.... .., Lbe ...~ct.•• Ualt..d in-
_UC'Uon ..... inlt.bt..d. Tba .t.rict. d.t1.lI1U.., or 1'<>\..1 !taUo 111
....t. app110abla t.o _ la.tic _t.ar1&l.; t.her.r...... tha t.a Dar.....u ...
&oU.o ..... dar1ned in &nal.of;oaa ra'!U.on toO I'<>lI"'n" bU" Cor tbl
P""1"''' or~ U. _ of U1a 1'<>11..... •• &ot.1o _-s>t..
'ipra 34. fabla. II and 12 (.aw-<l1.ll A) and j,ppand1.ll1l p......t
t.ha ....vJ.t.a Mel ~t.aU_ .- C.... U. in...atlpUOIl. '1M ~ch
toO tile atod1 11 __ .... a ac_ .~.t.Id b7J~ (&J) in a .tl>'l7
oC tha Poll.... '. RilU.o oC _ ••
It l.a t.ha"f;.bt that tha d_1.apa<I DaC_Uon bUo data "-" t""
.lvdtkant ..... ","1:a&rl17.!.he data ua int.ancl-.1 toO .ha" t.ha ol"Clu
or aaa:n1tlJda or tha ra~10 or tha rap la~.rd &tuin toO Ut. u:l..oJ.
.t.... in ttw.t -.J.g,t be .xpactad d tnt the c........1on or • d~•• '"l;....da<l
bitlOl1nou. Il1xtllZ'll. S-ClOndl,., til. dU••how the nMel Cor .t....tn toO
de...lop in oJ'd.r to d""lop rr1ct1<>nal ,-'-inl ",.htanca.
In aU e.... atudlad it 11 apparent that thot &t\I;l. or shearing "_
,inane. 1. aoobHblld &....duaU,. v1th a eOnUn"inl inc....... in thot DI-
ro...U.on RaUo. 'nib tne 18 eontinuild to. point .t l(!\ich .ax1_
_ CrlcU oJ. ....Lstanc:. b d. lopa<l. It1th f'urU>ar <IfoCo ....t1on the
CrlcU...al 1ttanca ~_. to dec""... or ••~ be.~. the rrlctional
...1atanc• ..-in_ .......tIo>t..
n.o ..&1... or tha an&I' or llIa&r1n« ...l.tanca at ..t>1cb the 1OaiC1-
_ h'l.£tlt>nal ._r~ ....totan~ 1a _Ul_ ahould ...,.......,t U>a
'JIPU'Int. atI&1. or int.arnoJ. rrlcUon or thot ..t.arW .t rau...... In tha
ro.. _. l"....tipt.a<I. tha I"MC' or tboo ...' •• ftl.. oC Ula &Ilf,la or
~ ...l.Itanea for thot ~""' t.aata coapoa1nr .....b c'" cb,,,;:l<a<I
~ _u wiUl u. .........t &Il&1. ot !numa]. Menon u\.a1ll1atwd tor
NdI __ b1 t"" _ e1rc::l. of fa.1l"... _17-11. (S. r~a J,f, end



























































































































































































































































































































































































































































,. It .....U.bU.._ th.t.t ..01.- C"""I" ,""e.I~ d....1.o& Lhe teJlt....
I..oc or tblo putlell1u blUl1l1nOllJl a1J<t...... _ and t'-t u.... ellM&-
_at or .. lII1tW _ ....k>n or CW'..-all7 I •• u.., _-hU1 or
.... ~......,t or tJM .e~ ...,~ r<>11_ b7 • eomlll..-l n:p...l_
to r..u...... 1'tlU ....lllt 1n<Uc..t .. that dl1&ta.Icy '""e ..... l..o. _e_
~ blt.>a1l1o.... _ ....... 1>1 .. r..sh1o...1allu to t'-t obs• .--.l 111
_~r"'ll •.
6. ror t.lM pu1.1e1Ol&r Ht..u-s .b:t te.t.\!, .. "lat1cftshlp
btt_ ~bo ...,1.d ratio and percent~d:I or poe~n, .t t.., pereent
strain and .t u.s f'roporUon.o.l L1a.1t, and tile d.n.tor .t.....t ~..
points .....t&hl1ahtd. 'nil. rel..t1on.lhlp ... roWld to bt linear ror
• --.l.-.los plot, d.pond.nt upon tilt 1>I1tW ..old. chu..ctAtri.tic. or
tha .~C~, &.lid ,",,_til lnd"l'"""..t or u.. tAt.t eonrwn,g p..._
~.
... ...r1!ltd b)' t..ts or opec1aena colltpletAtd to II ..... 1zIHld eond.tU.....
and tbtn .....1n& th_ condition. chalI.e-d b)' ..tar ..t .....t1tln prior to
8. TIle .rr.eta or """""ctt",, p and ..~t cont&llt u.s
.......t .t-r .tr"tlltt!' ~e1.'''' 'c' 'If", and .... t. CClIIP"'O.l...
~, boIl.Ii: d....I'-1' and ~tt' d ltl 1:rft,.ttaotAtd r.~ ..
JlU"t1nl&r accrspta bl_, "'"'P'd,lmI procscI NId _Ulod or t ..t •
• nnoHnp or Ullt porUOD or UlI ..~ _ tbtt boUo tJM~t
___ .. tat.snsl hL<.U.,.. -.I _don ,rrset.\! lOOt 0ID1J' bJ ....





































































































































































































































































































































































































n. ......1U. obU.1nood r ... ~. ~1e ot ~..~ aU. n- .l.rtJ"-
(1.. ~r1eJdaJ. w.t. porto'- on ....ct.................~ toa.r d1tt• .-~
~~1oa pr9......... It.IO:l. ~ dith.....t ..pll.t.l~ _Uoh &ppM:" to
jwUtJ t.'- tollOlt1<lC CGllc1 ~. It .boolld be I"Mllsod I.hat. tbap
canob.l.orw ..... -Uuhh orL1J' to ~ ... port.l.\14r blt~ -.b:t,.....
_ ~Uoo procell...... _ rar t.:1.ax1&1 .-"..1... tnh or tlIot
tn-' -...l in th1e .t~. 'urUl........ it .....,],d be no\od that all
po .......t .-old....~u....b1p bu-.1 on • COI'Illldcr.U.... or t.ha ..._
phaU ....Uahl. t.o till t. ainaral au"'pw .-o1.d. raU.r t~ IIp>>l
\.he total ..phalt. _-.1 in -.i;dns.
Dirt• ...,c.. in t dra1.naga .ondlt.1<>n' .xi.tinll dlU'1f1l; t.... por-
to..-nce or t.ria.ldo.1 100 w.ta 00 dan"-,radad blt.llII1noUll 1I1x_
t._. do not. IUlhr1a1l7 .rr••t. ot...."IU1 1.... Thh oonel\1010n .p_
pooara jut.1tlod tor t.1aa inhrnl. bet. 1of,d eppUcaUonl or 0","
....... 01' 1 .
Ind.1 t. .T1denc:. 1nd1cIW. thlt. • ""pUn pore pre d...l<>pO
l.II U. ea.-_ pho.. ot. d_• ....-b1~ .a.t. Jaeted 1.0
\r1uio.1 ..........1oa. n. 1ndlcat.od nepU.. PO'" pNll did lOOt.
&fhct. U. 0_"'- .t.~ ...ulf,•• eo 1t _t be -...ladad that. U•
• rhat. ot Uo1a pn....... 18 eo ....u .. too be _ad b7 t'" RiD' .traDJlb
__ .t tM ad.l<t._. h.ted.
"'"~ "-.wei~ ",,1_ darlnl; U. pro!".. ot .. I....t and. that
U. wol_ ......... cOD.bh ot .- :011.1. ...,...cU.... 111 ....1_ toUo_
.t'llll1. I...... ..."..... to boo.-...u~ ..laUonaM" to-l_ lM~
...id. -.!/or U- .... 1<1 r.-Uo and. u.. donial.Or at.... at t_ pI...,.rrt,
u1al .t...iA _ at lM .......,..,rUcrLOJ. L1a11.. no. ..tabU.-bod ..lall",,·
P.1p &ppU'&aU7 depoolld. ""'" 1.'- 1n1l1.ol CODd.1tt-. ot ld ....Uo and
plrOlCl"'~1d. lei which u.. '-plct.ml U ~ctAd. the w1u ot
t.MU ....u-... with u..- Wl1.ol condlU_ nrlad t.- I.t.. u_
c~ctAd T&l... b7 ..hI' ..1......t1on appooar to .lU.UI')' u.. ..tabU._
lDd.1taI.1..... or tbl .tr.ct ot c~ctl"" p........... aruI uplla1t con·
tent on tM ob..nto1 ._...nt .bear .trel\&tll par_taro and. on til. CCIII·
p.....h ••t....,'tll or th. ta.t -ut we t.b1hll.d. It ..... tawxl
that nri.t1.... 111 ....urad cobali al depand """" coaplctiDn " .....
..... .. ..U •• On .."balt cont«l.t and. Ul.t th...rution with .sphalt
Slall....Hull ......tlblU_ to .. tho ap~.....t *"'&1' ot .bau1n&
...11."-'0 a:o:1 tor c<ap....l"' .t...."'U1 .t b.ll....... It u cl....l,.
..... that ......Ut1ona 1JI boaU: d.,litr do ""I. ..."'• .....u.r ...n..,t
ua. 1al .....pta "-11.7 1ft ....n..,tad by .tall... ....n...t.ltm. 111
~.
no. _1>1_ ot o-to....tl.on <IaN.ne4 _t tha ",",ponlonal LWt 1_
af'tectecl b7 "pbalt c..,Unt at h1#l c_ctl.... P" but apparant-
1J'1>1 lndaptncl""t ot aaptlaH contant at. 1_ ca.pa.cH P"U\IMlI.
J. lWtoo<'I o..t-r or c_lltoau.... ot u.a tleto...UOIl ILItlo or the
~a taat.a<'l 1ta<'I1catu that tid. __..........1&a '"- ..&1... bel_
0.5 t.o 1J' 1.0 dur1.-c u. ~.... or. tnt. h:1har. 1t is .-.
Ul&t lloIto U .... 1lot10 nl... ot cru.ter than 0.5 ........ee• ....,. 1lI
order tor tull trlcHo,..l -'-r~ ... lIt&neo1 t.o ba _111sacl.
~ tr1.aJdAl te.t orr.re u.. ....t ........Ule tool tor the ~aU.
cat1.... ot U. t\nc!-.t.t.1 .~r'WJ,&th ch&r.,;ter1.aUu ot l>1t..tnoaa 1Ib-
t=Na. 1_1"0'" n:-t.ablu IOJdat _, at the p.......t tt., tbere 1a
00 a<:c:eptecI MtMd ot aep&.-.U.,,& t. .." ftM&blu _ .n1ut1n& 1.he'11'
.rr.cta on atrenc;th cl>oraclAorbUc:a. Tho .t~ IleNIn -..ported hu
atu.pted to open ne.. tiel"a or tJoou.sht in tt>e ana1To1.a ot bltllrlno...
lI1><t.....a. Tho.. &nI n_roue inTuUptiona that n_ to be ~r­
tak.n to l'\lrtt>er tt>e bas1c lcnowledp or auc:1I atxtllr... til. toll-'.I\ll
augguUona conatHul.e~ .. part1&1 lln1nl: ot n.eded .......cll pro_
jecto.
1. It 11 app&""'t to ..":tOne ~1l1& the knud1n6 conpoctor that
a&llropte degradation OCCII" doring the "..".ct1Cln proc:.... Tho ex-
tant or thb llroakd""". the 01,..,. ot partiel... rt.cl.d. ~1Ie part
p:u.,.d !Jl the p"""... br ~b8 "ophalt content, and thlo relationohip
or tile d.Uadation oc:currhl& In labo tol'"J' c~ac:t1on to that d~
J<Ib ~. pl&_n~. _ •• ....-iee Ilould be l"nnic.ted.
2. Add1U<.nol Ult1nl; to - ..11) tile ....1ql1& Nlatt...1ll1pa h&-
,..tAd b7 tlt1••1.<Id, bet...... 'mid ....Uo _lor perc:..t -.o1d& _ d...
'11&_ at t .. _c:Hied atabUl.t, cr11.&..1.... is _ed. In part1-
-.lar. 41fr t ,,""ptA bl~ abo><>ld boo 'tud1&d to ..r1l1 "heUler
.. _ U. • .,..t.ecl Nl&tt...~ wUl I\ol.d tor 1I1n.....& ou..r tbln
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FIGURE 3~. CALIBRATION CURVES FOR VOLUME
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J__11",,", Sdlaub .... 1>0... 01'1 J .,. 21. 1925, in ~...w"
Von ,tr&Wa. I'- Ul.4Ddeol tbI u-r ll1d' .e_1t or that clt,.
and ~.Wd b.1. lo1VI _1 ed!Ie&U"" n t~ Capitol Pao!:' Sch<>ol.
*~. D. c., in J_. 19L2.
r.... Sc_b .tt.ancl~ c.or&" ...h1z:lCtorl U!:I.hudtr r ...... J\I'.', 1';(.2•
..,tU Mo.rdI. l~J..... put+t~ .t~t wIdl. _lo,..cl in tbe ""at
orne. or tt. ,...~ Olfie. lllI11d1tl&.
Ilr. Sc'-b .,UNd !.be Ilnit.d St.&t.. A~ 111 April, 19'3. I'ollov-
l.ni: "..le t ...1nin&. he .IUnd... v1.r&in1f. Pol.}'t.cllnlJ: IMtihte under U..
lSTP PI'<I~. In .t.prll. 1944, 1>00 1golItl 1.0 th. ))/,tll Intant.,.
~~t and c"ph~ his Iolorld n aUUu,' .....le•• inoludina
ca.bat and occ"p&tional duti•• in Euro~. with that unit.
Upon ".,..,leU.., or .uitary ,.rne., Mr. SChaub ......nt.red V1rgint.o.
1'\;Ilr\..cmlc InItHut. an:! .....1'0'" tile s.chtior or Scien•• 1.n Cbtl
£nV.nan1n« deV" in J,."" 19l.8. lie &t~0Id. IIunrd lIrIl....u1tr the
loUow1nll ,..... _ ....wr<led tile Kuter or Scan... et.~ ill J"".o
19109.
Ifr". 5cbl.ub', .~ru..c. 1.r>clUll., lhrw 1".... .-plo,..ot ... Chiolt
sou.~r r~ tbo ""r;c<> H~7~t _ til.... ,..... &.I
~1.Or7 D1noctoor for r.larr • Bo.Ir.er. Inc~ .... lnc. or 1kIb1l••
tid 1M r....... _!oJ-nt ... 1n1.o~t.d b7 acU... chit)' as •
I'II'M U--t >dUo tb. eo".. or !ntU-l"II 1.n 10.... t.- sept_r.
lt5D.u1 ....t. l~.
In 19~~, l·r. SChll.IIb .... o.ppoinWcl A..hI.&nL Prot....,r or Cbtl
O<Il!:;.r.erl:>( n Vlrt;inl.. ""ll"d,nle Jno;t.1t.uU. In LhU p".lt.1on boo
... "'ponll1bl. tor &J"'d...u one! """.r&J"'d""u in,L"""Uon 1:1 soll
_dIIIl.lu _ L......parUL1oo> onpr...rirop;.
!(T. "'.ub eonUntJOd 1\1. JIWlutt• ..,boo} od""..Uon 1:17 ..tUlDd1n,&
S.p~r, 1~. ho. t"""t.ed 1..... r.- fi,,&1n.1o. ""~e!ftle In_
.UtlOU ..... _lor-d inn"""""r in l.bo Sd-_l ot Clnl !'.n.t1>-r-
1nc or "'"'_ tnl...nit,..
Ilr. lIdIo.ub .... .arrlod 1:\ J_. 19U1. too tM ro.-r Ilt11nclo.
Elt.1l.,. or RMItord, Vlrr;inla.
Kr • .5elw>b la .. _ber or tho. 5<><:lo.t,. or s1&Jot U (A..oeht.o.).
"-lean .soc:l.. t,. or Cl1'U g"pn..... (_ber), ..... th.. KiUl"" ~.....rd1
_I'd (A..oelate). H.. h .....gitUnd pror...Iono.l ""&in...r 1n
¥1rIW... H. 11 , _ber ot !'hllo.ppa !'hI. T..., !l..t .. Pl. CM !p.llon,
..... l""", Sip rro.t.o.mltlu.
Hit p.,bHuUonl ..... ,
SChll.ub, J. H.• "S<>1la bploro.tion o.ad 1l<o11Rl Conlloantlon. tor
lM C....t.o.r New Orl...... t.:p.........,.. I'&rl I _ &>:plonUon _
TUl1nc," l'J"oe.odlnr'. 111&11..,. il......"h BoanI, '01. 3S. 19S6.
Co<oh. W. K. o.n1 J. H. $dI&llb. -Tr1&rlal To.lln& ot 1l1~
1l1xt........ SD<oetal T.etnleo.l. I'llblJ,e..Uon ~8........1..... 5<><:l.tJ'
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